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© METHOD OF REMOVING NITROGEN OXIDES CONTAINED IN EXHAUST GAS. 



CO 
CO 
CO 



© A method of removing nitrogen oxides contained in an exhaust gas, which comprises bringing the exhaust 
gas in an oxidizing atmosphere into contact with a catalyst composed of a catalytically active component 
comprising 0.1-30 g/l-catalyst of at least one noble metal selected from the group consisting of Pt, Pd, Rh and 
Ru or a compound thereof and 1-80 g/l-catalyst of at least one metal selected from the group consisting of Li, K, 
Na, Rb, Ce, Be, Mg, Ca, Sr and Ba or a compound thereof and a refractory inorganic oxide to thereby cause the 
catalyst to adsorb the nitrogen oxides contained in the exhaust gas, and then introducing intermittently a 
reducing substance into the exhaust gas to thereby reduce the nitrogen oxides adsorbed onto the catalyst, thus 
cleaning the exhaust gas. 
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TECHNICAL FIELD [ 

This invention r lates to purification of an industrial exhaust gas by removal of nitrogen oxides 
therefrom. More particularly, it relates to the purification of the industrial exhaust gas emanating- as from a 
5 boiler, a power generation plant, an industrial plant, or an internal combustion engine like a "gasoline or 
diesel engine by the removal of nitrogen oxides therefrom. 

;i •'■ ; . - 

BACKGROUND ART • ' - 

10 In recent years, the exhaust gases such as are emanatlrig from internal combustion engines of 
automobiles, boilers, or industrial plants contain noxious substances such as nitrogen oxides (hereinafter 
occasionally referred to collectively as "NO x ") which form' ihe cause for air pollution. Generally , the NO x ar 
not easily reduced or decomposed in an oxidizing atmosphere (the atmosphere enjbracirig the > 'exhaust 'gas 
and having an oxygen supply more tt\an necelssary for ipornplete (combustion of trie unBurrrt 'portion of.jtb 

75 fuel entrained ..in the exhaust gas) N As aVesuft; -Jhe reirtov#Qf thej No x from the exnaust |as is' attained only 
with difficulty. Thus,; the removal 6f s NQ x . from a yaryjng -exhaust -gas- has been -tjjie su^jepf'pf 'a-.scienti^c 
study in various fields. \ . x N ^ ■./.A > 1 j 

For the purification of the exhaust gas from automobiles, it has, been heretofore customarjf. to adopt • Jfte 
method of treating, Vie exhaust gas with a three-way catalyst thereby simultaneously removing NOx, 

20 hydrocarbons (MCt'Anri carbon monoxide (CO). By this method, the" atmosphere bf thepe^hgust gass4Q-1? e 
treated is in the neighborhood of stoichiometry (which is the theoretical air-fuel ratio, namely the ratio. of air 
required for complete combustion of the fuel). When the internal combustion engine is operated with (the air 
introduced in an amount in excess of this theoretical air-fuel ratio, the oxygen is present at the site of 
treatment more than necessary for complete combustion of the unburnt portions such as of hydrocarbons 

25 and carbon monoxide in the exhaust gas. In the exhaust gas present in the oxidizing atmosphere of this 
kind, therefore, it is difficult to reduce, decompose, and remove the NO x . 

In respect to the diesel engines, boilers, etc., it is general to use a reducing agent such as ammonia, 
hydrogen, or carbon monoxide. This method, however, entails the problem of necessitating a special device 
for recovering and disposing of the unaltered portion of the reducing agent. It, therefore, cannot be 

30 effectively applied easily to a small NO x generating sources such as engines in automobiles or cogeneration 
systems in buildings. Particularly in the removal of NO„ of a relatively low concentration, this method 
operates with notably low efficiency. 

Recently as a means for the removal of NO x , the method resorting to use of a NO x decomposing 
catalyst made of a copper ion-containing crystalline aluminosilicate has been proposed (as in JP-A-60- 

35 125,250, US-A-4,297,328, etc.). This method is depicted therein simply as being capable of decomposing 
nitrogen monoxide (NO) into nitrogen (N 2 ) and oxygen (O2). It does not easily obtain effective removal of 
IMO„ from the exhaust gas which emanates under actual conditions. Further, it is known that aluminosilicates 
are generally so deficient in resistance to heat as to offer no infallible use at elevated temperatures. 

JP-A-63-100,919 has a mention to the effect that when the exhaust gas is treated with a copper- 

40 containing catalyst under an oxidizing atmosphere in the presence of a hydrocarbon, the reaction of the 
exhaust gas proceeds preferentially with the hydrocarbon and, therefore, the removal of NO,, is obtained 
with high efficiency. It is remarked that the hydrocarbon to be used in this method may be either the 
hydrocarbon which is contained per se in the exhaust gas or the hydrocarbon which is added as occasion 
demands from an external source. Specifically, this method is carried out by first bringing the exhaust gas 

45 into contact with the copper-containing catalyst thereby removing NO x therefrom and then causing the 
residual exhaust gas to contact an oxidizing catalyst thereby removing hydrocarbons, carbon monoxide, etc. 
If the exhaust gas to be treated by this method happens to have an unduly law hydrocarbon content the 
method will necessitate continuous introduction of the hydrocarbon into the exhaust gas. Further, in th 
oxidizing atmosphere, since the combustion of HC proceeds preferentially over the reaction of the 

50 hydrocarbon with NO x , thorough removal of the NO x from the exhaust gas requires the hydrocarbon to be 
introduced in a large amount. 

JP-A-04-250,822 discloses a method for purifying such an NO x -containing air as generated in a tunnel 
by passing th air through an absorption tower thereby effecting absorption and concentration of the NO x 
and then introducing the separated NO x into a reaction tower packed with an NO x reducing catalyst. This 

55 method requires two devices, the one for absorption and the other for reduction of the NO x . 

A method which is capable of efficiently decomposing and removing the NO x from the exhaust gas and 
enabling a catalyst to manifest excellent durability to tolerate high temperatures and ideal packability in a 
reactor remains yet to be developed. Such is the xisting state of the art. 

3 
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An object of this invention, 1 therefore, is to provide [a method which is capable of efficieritly n rernoving 
NO x from exhaust gas in an oxidizing atmosphere while precluding the drawbacks mentioned above. 

DISCLOSURE OF INVENTION - \ ' ', ? ' ^ . ' , 

5 .'! ' '"" ' " , ' . " ' '.. '. , ' 

the object described above is accomplished by "a method for ^the removal of nitrogen oxides from an 
exhaust gas characterized by causing the exhaust gas in ah oxidizing atmosphere to contact a catalyst 
comprising a refractory inorganic oxide arid catalytically active components, the components comprising 0.1 
to 30 g as metal per liter of, the" catalyst of atjeast one noble metal selected from the group consisting of 

io platinum, .palladium, ..rhodium^ and ruthenium or,a compound of the noble metal and 1 to 80 g as metal per 
liter, of the catalyst of at Jeast pne metal selected from the group consisting^ of lithium, potassium, sodium; 
rubidiurn, cesium,., beryllium, magnesium, "calcium, strontium, and barium or a compound of the metal, 
thereby inducing the catalyst to adsorb thereon the nitrogen oxides in the exhaust gas and, subsequently 
introducing a reducing substance intermittently into the exhaust gas thereby purifying the exhaust gas by . 

is x ducing the nitrogen oxides adsorbed on the catalyst. , .,„„-... 

This invention further contemplates the method mentioned above, wherein as the component at least 
one be^yy metal .selected from, the, .group consisting of manganese, copper, cobalt, molybdenum, tungsten, 
and vanadium or a compound of the heavy metal is further contained. in an amount in the range of 6.1 to 50 
g per liter of the catalyst. This invention also contemplates the method mentioned' above, wherein 1 the 

20 catalyst has a capacity for adsorbing the nitrogen oxides to saturation in the range, of 6 to 30 m.mojs per 
liter of the catalyst. This invention contemplates the method mentioned above, wherein the Introduction of " 
the reducing substance to the, exhaust gas is effected by introducing a gas containing the reducing 
substance jn an amount of 1 to 1 6 ,rnols per mpl of the nitrogen oxides (as NO) adsorbed on the catalyst for 
a period in the range of 0.1 tq.2Q seconds at intervals of 7 seconds to 60 minutes, preferably 7 seconds 'to " 

25 20- AinUtes. Thjs invention further contemplates 'the "method mentioned ' above, wherein the introduction of 
the reducing substance is efiectod/before the amount of nitrogen oxides adsorbed on the i catalysFreaches 
50% /of the capacity of thb catalyst for adsprbing hitrbgen oxides to, saturation. This invention also 
contemplates the method mentioned above, wherein the exhaust gas is that from an interriaTcombustibn " 
engine. This invention further contemplates the methpd , mentioned above, ^herein the introduction of the 

30 reducing substance, into the. exhaust gas ! is. accomplished *j by. lowering the air to fuel ratio in the suction 
system of the. internal combustion engine. TJiis invention alsp contemplates the. method mentioned above, 
wherein, the introduction of the reducing substance into the exhaust gas is accomplished by setting the air, 
toJfuel ratio in the suction system of the internal .combustion engine at a theoretical level or an air-rich level. 
This, invention further contemplates, the method mentioned above, wherein the reducing substance is 

35 introduced into the exhaust gasjironp i an external spujrc'e. c ' , f ' . 

. Jrie object described aboye is further . accomplished by a- method for the removal of nitrogen oxides 
frdifPan> exhaust, gas characterized' by installing br\ the upstream side of fhe flow of toe" exhaust gas a 
catalyst, comprising 50 to 400 g per .liter of the catalyst of a refractory inorganic .oxide and catalytically 
acrtiye;pornponents, the components jcompjising .0.1 to .30 g as metal per liter of the. catalyst of, W least one 

40 noble metal selected from the group consisting of platinum! palladium, "hhbdiumV and ruthenium or' a 
compound of the.npble metal and l. to 80, g as meta) per liter of the qatalyst' of at least one metal selected 
from the group cpnsistihg^of lithium .'.potassium, sodium, rubidium, cesium, beryllium, magnesium, calcium, 
strontium, and ■ barium or a compound of toje. metarand i, at the same, time,' installing an oxidizing catalyst or 
a ^cee^y.ca^ys|.oa'the.ciownstream side, of tiie, flow Qf'tlje exhaust ga£. . ., , .„.,. ' . . ] 

45 The object described above is also accomplished by a method for the removal, of nitrogen oxides jfrpjp 
an, exhaust, gas characterized, by installing on the.upstream.side^of the flow, of the ^exhaust gas a catajlyst 
comprising 50 to ,400 g .per liter of the. catalyst pf "a refractory, inorganic oxic^and'catalyfjcally active 
components, the components comprising 0.1 to 30 g as metal per liter of. flip catalyst of at least one noble 
metal, selected from the* group consis^ng,of platinum, palladium, rhodium, and rufhenium or a compound of" 

so the.nobjfe metaL 1 v to .80 g as metal per liter of the. catalyst .of at least pne metal selected from toe group 
consisting pf.ljthium^potassium, sodium, rubidium^ cesium,. beryllium, magnesium,' paldum, ;s^Pontium J .''^nd . 
barium qr,a compound of the metal, and. 6.1 "td, 50 g P©f liter of the catalyst of, at : least onb heavy, metal 
selected from the group, consisting,OT.manganese,'copper, .cbbalt, molybdenum, tungsten, and vanadium or 
a compound of tiie heavy .metal and, at the same time, installing ah "oxidizing/ . catalyst or a three-way 

55 catalyst on toe downstream side.bf , the flow of. the exhaust gas. 

This invention further contemplates thej.method mentioned above, wherein the oxidizing catalyst 
comprises 0.1 to 10 g per liter of the catalyst of at least one noble metal selected from the group consisting 
of platinum and palladium and 10 to 300 g per liter of the catalyst of a refractory oxide. 
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This invention also contemplates the method mentioned above, wherein the oxidizing catalyst further 
comprises 0.1 to 150 g_ per Jjter of the catalyst of at least one' oxide of an lement selected from the group 
consisting' of rare earth elements, nickel, cobalt, and iron. This invention contemplates the method 
mentioned above, wherein the three-way catalyst comprises 10 to 300 g per liter of the catalyst of a 
refractory inorganic oxide and catalytic components, the components comprising 0.1 to 10 g as'metai per 
liter of the catalyst^ of . noble metal(s) selected from the group, consisting of (a) palladium, (b) platinum and 
rhodium, (c) f^j|a^ibm',ah^/ri^um>. an<* (d) platihiirn^ palladium, 1 and rttodiurri and 10 to 150 as CeOfe po- 
liter of .the catalyst of ceria/ this' invention furttier contemplates the method mentioned above, wherein the 
three-way catalyst further comprises 0.J '.to 50 g as oxide'pef liter of 'the catalyst of at least one member 
selected from the group consisting of zircphia arid rare eartfT elements except "for cerium. This iriventiorf 
also relates to a method for the removal of' nitrogen bx&es from an exhaus't'gas Characterized by installing' 
a ,three-way catalyst or . ah oxidizing catalyst on the upstream s~lde of the' 'exhaust gas, a catafysf for/the ' 
removal of the nitrc^eri/oxides next thereto, and a three-way catalyst- or" an oxidizing catalyst on/the 
downstream "side. y -' *'.""'' ' v <; ' ' ' % - '■'• •'- *' •" 

BRIEF DESCRIPTIpN OF DFUVVINGS ^ ' f / ' ' n "' \ : ' : " ' 0 >; '/ ' n - r1 '" ;: "' 

.'f'9- I & a schematic diagram jllustr^n^ ''art apparatus Wr experimenting^ a method for the removal of 
nitrogen oxides according to this invention. ' ' } ■ " f 1 " ,■•■<■■>•- • ••• > . o 

BEST jyidpE ^OR CARRYING O0T TI^E INVENTION iv "° ' _ ' . v. r >ut ' •-. ,: ' ' 

{ Rrsjt.'.l|ie principle of this invention will be described. In this invention, an exhaiisf gas containing N& x is 
brought into contact with a qpmppnent manifesting an oxidising activity In air oxidizing atmbsprfirei' sor.thaV' 
NO, N2.O, "etc. which are generally present at high proportions in the N0 X components of me exhaust, gas 
are oxidized or activated into NO? . 'The Nb^ thus' resulting' from the oxidation or activation' is : then adsorbed"' 
on a comppneni possessing an NQ2 absorbing Ability. By introducing a reducing substance in&antarieWsly 
into the "exhaust gas enveloping the NO x alccui-rtblated '^fhe^adsortje'nt' component, .the' adsorbed NO K ; is ' 
reduced or decomposed to complete the removal of' NO* It 1 is the catalyst contemplated by^ this; invention' 
thatflischages thpfunction^pf reducing or decomposing the NO* '" " :; 

the reducing substances yyhich areeffectiyely usabiej.n this invention fncVde* hydrorafbons, 'afedhbls, " 
urea and other similar organic substances^ and 'ammonia arid other J similar indrganic 'substances, for ; 
example. As examples of paftculajfy^ preferable 1 feducing ^ubst^Hces, the hydrdcarbdns may be saturateci; 
•unsaturated, linear," or branched' hydrocarbons* They ^may t bl in a gaseous or liquid' state at normal room'"' 
temperature. The hydrocarbons which assume' a ga'sebus statS at nbhnaVVodrn temperature are.riydrocar- T 
bpns having a carbon chain of Ci to C* and those whiclia'Ssume a liqiiidf State" at normal room temperature'" 
are hydrocarbons haying a capon chain of Cs to C20. Ai'occ|sion demands, such mixtures of'tfydrocarr 
bons as gasoline, "kerosene, and':*' ga| "oil may 1 be "used! Eikejwise, 'the aforementioned alcohols may 'be ^ 
saturated, unsaturated, linear! or t^ancrjed alcohols. TTily Have' a carbon chain of Ci to r Cs . f hey ; may b ' ' 
dihydric or frihydric aicphojs beddes mpriohydric alcohbls. The'jniorganic subs^ may be hydrogen and' 
carbon monoxides' besides 'ammonia. ! ' ' '" '- " r / r "" '"'•'•' J " •• -• 
the amount pf the reducing 'substance to bp introduced into thb exhaOst gas 'is preferable to be in the*' 
range of ,1 to 10 mols; preferably 1 to 5 rhofe. as redup1ig\ substanw 'per tnol (as NOj'bt the" nitrogen oxides^' 
adsorbed'on the catalyst, this amount is'cpmputed bdseid bh on6 mblecule of the reducing substance wh'e'n 
the reducing substance is an inorganic " substance or' on 'orie clrbdn atom ' '^4'reof°wnen the reducing 
substance is an organic substance.. " ' - - : y " ' , *-"■*' °- ■= ~~ ■ "■ ?s} "- > ,,: 

Thjs redudng''s^DS1aice^eneraliy. is^tfesljBd't^l fie' 1 infrb'dU'ced in^'gase^^stete onto tlw' catalyst: If" 
the redMping subsiance is jri a licj'uid' state. hQv^v%ir,"1t 'rn^^'dire^fjy'intn^uced "Ih a' sprayed ^tate onto ' 
th^ ^catajyst with the aid ofahoziie, for e'xafhp|e ; ; ' " '•- u '•' ^' / n ' : ' f " } ''•' "* ! x ''•° 5 01 "'• 

If j^Vamouht of the reducing' substance 'to' be introduced is Vbsi man 'i' mbi'on trie molar ratio defined 
above, the effect of trie inventjpn'is not r fully manifested'. ' ^olriy^rsel^/ 'if 'tfils anSo«int' : exceeds : '10 'mote, ' the' ' : 
excess supply "produces an' unjEAered portion of 1 the 1 reducing' subslance^nd poses a problem- of disposal of : 
the unaltered reducing' substanc , afthbugh th ffect of the invention" Itself is infallibly manifested. The : ' 
upper limit imposed on the introduction of the reducing Vgent, however, may shift within some extent, since 
the reducing agent treating-'activity of the catalyst is' also cdrfcerned with the disposal. !i 

While the aforementioned magnitude is expressed 'on the basis of Ih mola ratio of the reducing 
substanc when the reducing substance is an inorganic substance, if Is expressed on "the basis of the 
numb r of carbon atoms of the reducing substance when the reducing substance is an organic substance. 
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When the reducing substance happens to be urea, the magnitude expressed as -2 mols of 'ammonia is 
adopted. ' .' " : . - ; . : - .'-.:„_•'.'• 

"The determination of the amount of the adsorbed' nitrogen oxides may be attairied, for example, by 
carrying out a preparatory experiment "as described below. To' be specific, this arriount can be determined 

5 either directly in a given internal combustion engine operated under the conditions for working the method 
of' this invention or indirectly in a desk-top apparatus adapted to' simulate the 'temperaturev compdsition; flow 
voium^, etc. of the exhaust gas emanating from the 'internal combustion engine. Nowj the procedure for the 
determination is shown below. First, 'in an exhaust gas' pipe having nitrogen 1 - oxide analyzing meters 
disposed one each in front of and behind the prospective site for a catalyst bed, a catalyst conforming' to 

jo this Invention is packed "in" a prescribed amount to form the 'catalyst feed. Then, a mixed gas of oxygen and 
nitrogen 1 set at trie same temperature arid flow Volume as those of a'given exhaust gas under the working 
conditions '"of trie catalyst is passed through me 5 apparatus until this apparatus' is fully stabilized. Thereafter, 1 
a J gas' containing" nitrogen" oxides ; at a concentration- under 'the working conditions of the' catalyst is" 
introduced instead of the mixed gas into the catalyst bed. The 'nitrogen' oxide concentrations are measured 

is cbntgnu^siy 'with the 'analysing meters until the scale reading of the analyzing meter disposed behind the 
catalyst' bed ceases to vary: .Each Vn'omeritaly^aiff&feh&s' befoe^ri'the ri'rtrogen oxide concentrations before 
and after fhe catalyst.'be'd are in&gTated and the integrated' am'ourrt' is recorded" as the amount of nitrogen 
o^es adsorbed qh^e/c^a)ysi. ' ' 13 * 1 ' ... «. { v- • <<..;- •• 

""'The catalyst pdssibly^Ws ah ability to' decompose nitrogen oxides duririg the measurement: of the 

20 amount of nitrogen oxides to be adsorbed thereon. If the catalyst in use happens to possess this ability? the> 
d termihafion pf the 'amount of adsttr'ption ca'nnot;be based on the concentration of nitrogen oxides found in 
frbrjfof the' catalyst bed. In this case, therefore; the amdurit of adsorption is computed, though in "the same 
m'ariner 'as ''described 'above/ on the basis of the constant cdrtcentration of nitrogen oxides found behind the 
catalyst peel during the nieaWenieritof the amount of adsorption iri the place of the concentration found in 

25 front of the catalyst bed'. . 1 - • • >. v;^ ■. •.: -= 

. When the reducing agent is intermittently introduced, the amount of the : reducing agent ' to' be 
intrbrJuced may be suitably selected ih due consideration' of the flow volume and flow rate of the exhaust 
gas,' the /concentration o? J the nitrogen oxides ih the exhaust gas. and the capacity of the catalyst for 
adsorbing^ nitrogen oxides. It is preferable to introduce the reducing agent to the catalyst bed before'the 

30 catalyst, has adsorbed" nitrogen oxides to saturation. This 'introduction before the saturation of adsorption is 
attamecTby' preparatorily' computing 5 the aVnounYtrf nitrogen oxides" 1 in the 'exhaust gas per unit time based 
oh, the flow volume and flow rate of ' the 'exhaust glas and the 'concentration of nitrogen oxides therein, 
estimating^ the maximum length of time within which the amount of nitrogen oxides adsorbed on the catalyst- 
does hot' reach the level of saturation; and' continuing the introduction of the reducing agent until the time 

35 xpires. ' " /" ''' - ' ' cl • '" 

, The adsorption prior to reaching this state of saturation' is preferable to be in the range of 5% to 90%, 
pre'ferablyH5% to 80%; of the saturated amount of adsorption. More preferably, it'is in the range of 15% to 
4$%. if, the amount of adsorption isless than 5%, the frequency of introducing) the reducing agent must be 
increased possibly to "the extentof jebpardizingihe operating cdnditions of the apparatus: Conversely, if this 

40 amount exceeds 90%, oh account of' the apprdximatidn thereof to the saturated amount of adsorption, the 
adsorption of nitrogen oxides does riot easily proceed and the amount of nitrogen oxides suffered to pass 
through the catalyst is consequently increased so much as to diminish the effect of this invention- ■•■■■:' • 
Trie red^icirig agent, 'depending on' the quality thereof, has the possibility of being dxidized" with the 
oxygen in the air and consequently prevented from' manifesting an effect commensurate with the amount of 

45 its" introduction.' In this easel the deficiency is preferable to be compensated by preparatorily measuring the 
susceptibility of the reducing agent to the oxidation under the working conditions thereof as by use of an 
inert carrter )and iricreasii'fo the amount of the reducing agent being introduced "proportionately to the degree 
cif the susceptibility four^ 'as above. ' ' *"* '~ - 1 ' 3 >•■*■• ' '' ' 

s _ The 'reducing substance' may 'be' introduced at ahy time When* the result- of actual measurement- as 

so mentioned above reaches afV .a^pfb^n^& 'lWe1, r wifi). an amount correlative' to the level. Alternatively, as a 
conyenient. procedure, the reducing; substance can be introduced with' a prescribed time and amount 
schedule "determined i 'by 'repiating [ the rormer' procedure suitable times, averaging the results' of the 
mesur merits, and deciding thb amount of the' reducing substance correlative to the av rage. - 

Pr ferably, the reducing agent for' use in this invention is introduced "at intervals in the range of 7 

55 seconds to 60 minutes, preferably in the range of 10 seconds to 20 minutes. If the intervals are less than ! 10 
seconds, the' fr quency of introduction will be so high as to force a sacrifice of efficiency or economy. 
Conversely, if they exceed 60 minutes, the capacity of the catalyst of this invention for adsorption of N0 X 
will be surpassed possibly to the extent of bringing about an adverse effect on the purification of the 

6 
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exhaust gas by, the removal erf NOx- , , t : ., s . ... . . 

The duration of this introduction is in the range of 0.1 to 20 seconds, preferably 1 to 10 seconds. If this 
duration js, le,ss than. 0.1 ; second,, thorough removalpf, the adsorbed. NO x will not be possibly obtained.. Jf it 
exceeds 20 ^ecc>n.dSi . the. .disadvantage, arises thaj^the reducing substao.ee will possibly faii . to operate 
5 effectively.-- -. ; ...i ., . .= ... . . , ... ,, ,,, 

Inda^t^ly,.,3he-,intervals <>f., me introduction- and. the duration,, .of the introduction of the reducing 
substance which, are-; specified, above as prpferab|e.ior, Jhis invention are variable to a certain extent due to 
the kind of .the catalyst, to. , be used. They may, be . suitably varied,, therefore, ,withln the ranges mentioned* 
above,. ,• : , •. , t - •. >, . .. ■ 0 • ,.t b : ' ■ > _j -. ;• , -', \, 

io In the method, of this invention, the, NO, , adsorbed oil. the, catalyst "i^.c^seiquence of oxidation or 
activation is concentrated in an activated state. on^jthe catajyst.as . <^^^arjexf % y<^ the conventional method 
and,, therefore., jean be reduced by, the catalyst; with higl^seleck^ 

continuous/introduction of the reducing agent. .Tftus,, the method Qj%is.jby^tion Jtt'orHs^ sawna in' the" 
total; amount-ot the./educing agent to lie introduced at ai^Thet, cprjtinu^d jfltrpdutfioh of the. reducing agent' 

is hast the;, possibility of barring the oxidation or adisarptiqn.of ftjta fip^ ^ r£thej:' ; <aea,radin$ the jefficiehcy; of ' 
purification .q{ the qxtjaust . gas by, the. removal , of , i}ip^ : .^hei , su^oo. syisiei)n,' of' fhei bitprn^^t^bu^qn" 
engine/:, the. NO„ accumulated therein , can be, removed by instaotaneoi^s^de^^ amount .of air" 

being aspirated or supplying the fuel in an excess amount thereby enabVing^e extyaOst gas to form" a 
reducingratmpspher^ 3y repeating,: the,, cycle described, abovp, the r| £emoyjji Wm/ttie/ejdij^ ' 

20 y3%c<iM, :uo carried oui gontirnjousjy. •; ^ ,-. , .■■ . ,. - ,\ •>,/..; r-- -s 

Mpre . preferably, the reducing substance is=. introduce^ un<ier conditions such thai the catalyst Willi 
adsorb NO x .thereon while the, exhaust gas is in the state of containing excess air and, during the conversion 
of the adsorbed NO„ into .less hannful substances, jthe oxygea concentjatipnj oaring $e introduction ( of ttr 
reducing agenttwill; , be lowered to the extentpf allowing-jtheVeaction'o^ accumulated nitrogen oxides with 

25 the reducing agent to proceed more readily than the oxidation of the reducing agent. TMs/.'th'e ..rerjio'vaf of' 
th accuptulaled^nigogen oxides can be car^ ! o.ut.ojpee efficiently. . ( U| v .' 

L The., exhaust gas,to.which the method of tiiis. invention, is,app'lied if not pa/jB^aHy limited. The method 
is effective when the, exhaust gas to be treated'fprm? an a^osphere.of excess , oxygen containing" NO x m| 
the: range of, 1, ; to 5,000 ppm. ..ft is more; effective, when, the exhaust.gas forms' an atmosphere \of excess 

30 oxygen, containing NO,- jn the range] of ijpO to, £opp ppm^.TThe conventional' '.membd suffices When th" 
exhaust .gas to be treated does notjorm, an, oxidizing atmosphere, itf the NO x content is less than. 1 ppm', th l ' 
adsorption side wil} be. at a disadvantage from.the, stoichiometric standpoint of ^ adsorption.' If it exceeds 
5,000 ppm,, the .disadvantage, will arise; tha| jfte.;w*p^^o^~pf the /educing substance must be^ frequently 
carried out. This invention does nqt.reguire~the, presence, of ajl oxidizing a|moSphere throughout' the ehftr.'.. 

35 period of the purification of the exhaust gas! It can be effectively utilized even where an oxidizing 
atmosphere and a reducing -atmosphere are alternated repeatedly.. ,^. s „ Qt . . - , 

This inyentiqn in principle ,i$ capable of accomplishing the ^nppvai qf .NO* "from the .exhaust.gas, under 
treatment ^without reference to, the MO* concenfcatipnjin the exhaust , gas. When" the r exhaust gas urider^ 
treatment^ntains nitrogen-oxides at a liigh.cwiceiTfratip/u.tbe dui^oq'of introduction of tt^e reducing, agent 

40 or, the duration of irripartation of a reducing at^qspher^ tp c the exhaust gas must .be shortened. For this 
invention,- the: space velocity. (SI.V.) , of,, the exhaust gas, uridek .treatment "relative tp the catalyst bed is' 
preferable to, be, in the "range of 1 ,000 p 300,000*/, preferably. 10,000 to 200,0j?0/hr. Jf jrfie space" yeloPifV 
exceeds 30,0,QOO/hr, the catalyst- will manifest ample reactivity with djffic^^^pcrjvers^y/ If ft 'fajfe short of 
1,000/hr, . the. .catalyst, will have to be in<^eas^.,in > jyolui^. 9nd t ..^ipreoyeV r the diffusion in the HoW path of 

45 gas will,bri.ng.at}put the influence of qullifying thp^effept pl.intermij^en^^^ 

or imparting a reducing atmosphere tp the^exhaus.tga£. ... .. f ,., t ", a/ .. ' . 

ccThe catalyst jtpbe used .in this invention cpmp^se.s.^A^cataJytj^ of (a) 

0.1 to 30 g as metal per liter of the catalyst of at least one noble metal seleded^from the . group consisting 
of .platinum, palladium,- rhodium, and ruthenium, or a.compp.und,9f . me^npb).e metal and v 'jb) V.ib ,6p g as 

so metal per.,!iter of the catalyst of at least one a/kali pr alkaline .^artfi rn'jeta,i seiecteg 1 from the group consisting 
of (jlhiumi .potassium, sodium, rubidium r cesium,.b^lliuro., magnesium, 'calcium, strontium, and barium or a 
compound of the metal and, (B) a, refractory inorganic. oxide.,an'd' ' optionally : farther. comprises .as another 
catalycally active component 0.1 to. 50 g per liter.ol the.catajyst of at least! oh,e heavy metal selected frorh 
the group consisting of manganese, copper, cobalt, ^molybdenum, tungsten, and vanadium or a. compound 

55 of the heavy metal. . ..<- .. *.. 

. .In the components mentioned above, such noble metals as platinum, palladium," rhodium, and 
ruthenium, particularly platinum and/or palladium, are effective in oxidizing NOx- in an oxidizing atmosphere. 
These noble metals function to reduce and decompose NO x in the presence of a reducing substance or in a 
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reducing atmosphere besides functioning to oxide Nlt) x in an oxidizing atmosphere. By using thesb noble 
metals, therefore, the oxidation or activation of NO x in an oxidizing atmosphere and the removal of the 
adsorbed N6 x ,particularly NCfe, due to the intermittent introduction of a reducing substance or in a reducing 
atmosphere can be carried out with high efficiency,' The amount of such a noble' metal to be used is in the 
5 range of 0.1 to 30 g, preferably 0.5 Jo 5 g, as metal per liter of the catalyst, if this amount is jessthan 6.'1 g, 
the oxidation of NO x will not easily, proceed and the' amount of. NOx to be adsorbed I will be unduly' small and 
the reduction and'. .removal of the adsorbed NO Xi Will nofbe amply effected! Conversely, if it exceeds 30 g, 
the, excess noble metal will produce no proportionate addition to the "effect! noble rhetai and will increase 
the cost of .material, possibly to the extent of jrnpairing the economy of the operation: 

10 'As the component for adsorbing the oxidized and "activated f*JO x , particularly NO2, alkali metals such as 
lithium, sodium, potassium, rubidium, and. cesium or compounds thereof and/p.r alkaline earth metals such 
as/riagnesiurn,. calcium, strontium, and barium or. compounds thereof, particuiarly the compounds of alkali 
metals, are , effectively used. The amount of this .component to be used is in the range of V to 80 g ,' 
preferably 5 to 50 g, as metal per liter of the catalyst. If this amount is less than 1 g, the component! 

15 acquires no. sufficient capacity ' ,for_ adsorption of NO x and, therefore, manifests an unduly low capacity for 
tr'£tmeht!oT Nb^^Conviersely, if. the' amount exceiS's, 80. g, the/capacity for treatment of' NO x will be 
degraded because ! the baslcityrgrows fairly strong possibiy. to the extent of Whancing'the fast "adsorption of 
N^. ttie extent of.',curbihg |he. o^tion.jojf^^QM fu}^ the reduction of n Np K '6yjlhe'npMe;m;etel...Am^..o^r 
alkali metals rnejritiQned .a^ye,',^tjta^ur() ' and sodium prove particularly preferable, in this specification^ the 

20 amount , pf the alkali metal mentioned above will be indicated as, reduced to metal unless otherwise 
specified. , ' " ' ' . " - : 

The purification of the* exhaust gas by the removal of NO x can be carried put with greater efficiency 
when at least one metal selected from the group, consisting of manganese,' copper, cobatt, mplyb^enum,' 
tungsten," arid vanadium or a cornpound of the metal, is "used as another catalytically active corrippheht in ' 

25 addition fo the; components mentioned above! T>\is catalytically active componeht is, thought to play the part ' 
of prompting the oxidation and adsorption of N0 X in an oxidizing atfnosphere and/pr promoting the fibductiqn . 
and decomposition of the adsorbed NO x in the'presence of a reducing agent, or in an oxidizing atrnbsphere. 

The amount of this, component to tie used is in the range, of 0.1 1, to 50 g," preferably 1 to 20 g, per liter of 
the catalyst! if. this, ambght is jess than 0.1 .g, neither .the adsorption of nitrogen oxides nbr the>eductibn of' 

30 the, adsorbed NO x will be amply prbmbtecj. Conversely, tfjfte amount exceeds 50 g, the excess component 
will not bring about any proportionate ; additioh "to the capacity for NO x adsorption or the capacity for NO x 
r duction... , ., . ,~ . ."'..' ' ,' ! ..".,,. .'' " ";'. s • !. ' *! . 

! As the refractory jnorganic oxide, any of thf .inprganic oxides which are generally used as carriers for 
catalysts can be adopted/ As typieafexarriples bfthese'inorganic oxides, a-alumina, y-, 5-, q-, or e-activated 

35 alumina, titania, zirconia, ceria. Ian than a, or^ silica! fixtures thereof, and complex oxides may be cited. The 
amount of the refractory inorganic oxide to be used is in trie range of 50 to 400 grpreferably '100 to 300 g, 
per liter of the catalyst. The/weight of the oxide will be computed baseo" on stable oxide unless, otherwise 
specified/. The refractory . irjorganic oxide is ^enefaHy in a powdery form, fhe/B^unauer-Ernrnett-Teller 
(hereinafter referred. to as "BET") surface area .of, the oxide is. in the range of 10 to 400 m 2 /g, preferably 50 

40 to 300 rr^/g. .. ' v) \'\_ . "!.'., !.'. /. .'.'.,' „\' '.„'. !.....' v . 

■For the , purpose of enabling the adsorption and . oxidation of NO x to proceed .continuously with high , 
efficiency, the pxidizing, component, the adsorbing component, and the! auxiliary component of the catalyst ' 
are preferable to be carried in a homogeneously mixed state oh the refractory inorganic oxide instead of 
being locally; distributed. . , . v , " .', .' . /'._!". 

45 in this indention, .the. mjxture comprising the catatytically. active, components arid the' refractory inorganic 
oxide, in the> actual treatmept of the exhaust gas, is used, in the unmodified powdery form, in the 'molded/ 
form -thereof .soph /as^jpetysts^i; •h9^g^^Ofj.! n . coating form to a three^o^ensiohai structure. bas ". " 
Ar^png bt'her forms nientioried.a^ ujiping the three-dimensional structure for coating proves 

particuiarly preferable!! As typical examples of the three-dimensional' structure, pellets arid honeycomb 

50 carrier?, .may. be cited. Among other, three^djmensional stnjctures, ,. monolithically. molded jjorreycorhb 
structures, prove ^partic^larlyVpreferabje. .typical' examples of the/ monolithically molded honeycomb 
structures, monolithic honeycomb carriers,. mbtal hbneycohib carriers, and plug honeycomb' carriers'rhay be. 

• cjted <. . ■ : ' ., : , ■ '. - - .- < 

. The monolithic carriers , may be any. of those which are generally called the ceramic ! honeycomb 
55 carriers. Particularly, the honeycomb carriers which are made of suph materials as cprdierite, mullite, a- 
alumina, zirconia, titania, titanium phosphate, aluminum titanate, bellite, spodumene, aluminosilicate, and 
magnesium silicate prove preferable. Among other examples cited, above, the honeycomb carriers made of 
cordierite prove especially preferable. The monolithically molded structures which ar made of such metals 
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resistant jtp oxidation and proof against heat as stainless steel and Fe-Cr-AI alloy are also usabl . 

_ these _ monolithic' carriers 'are produced "by the extrusion molding technique or the process of tightjy 
rolling a sheetlike material. Thg openings (cells) formed ther' in for passage of a gas under treatm^rrt : rrtay 
be in a hexagonal/. tetragonal, or triangular cross section or' in a corrugated cross section. A cell density 
(number of, cells/unit cross section) which falls in' the range of 10'0 to 600 celis/square inch, prefe'rably 206 
to 500 cellsVsquaiie^lncH^, st^ces for' effective !u'se of tte monolithic carriers. ' " ' ' 

The .amount of the mixture" of the catalytically active components ana" the refractory inorganic oxide to 
be deposited on the honeycomb structure is in the range of 50' to 500 g, preferably 100 to 300 g, per liter of 
the catalyst. If this amount/is less tyan 50^g, trie mixture fails t to manifest ample activity because of an 
unduly small amount thereof. If the amount exceeds 500 i if , the disadvantage arises that the exhaust gas 1 
under treatment will suffer as from loss of pressure. ' * ' " ■'■ '.•:■> •' ' 

The amount of the, catalytically active cbmpohents to be used 'per titer of the catalyst' is computed' 
based on the' volume of 'the molded structure itself when' those components ;are molded by themselves or 
based, on a toree^imensionai structure when the cqmpdnents are deposited dri the tftree^im^nstoriat 1 
structure base'.' ' '.' ' ' '''' ' '/ ' ' ' : 1 ' '"' 1 < ?; ■>> ■'■ ' ' 

Ariy oftbe. examples of method which' will bVa^Jced' hereih'r&lbw can 'be. adopted^ foV 'the' preparation? ' 
of the catalyst. Some. ( 'other method' than fie methods sfidwh below; may be adcl^'proyiai^it'causes 'no'"' 1 
deviation from the spirit of this inyentioh. Ttfe .example^'' aiie v i(a). a!>neth6d for'bb'tainirig' a finished catalyst by. 1 ;' 
impregnating a refractory inorganic oxide with a'Vixed s^Krtbri'of ca&yti^ly r acliiv& 'co^ - poWn^/'diyi,n^. ! ' 1 
ihe ^resuHan^ jmpregnaiea' composite; qptionaiiy caicming. the ^dry composite thereby obtaining a powder; • 
wet pulverizing the powder together with water added thereto and 'consequently forming a slurry, applying 5 
the slurry to a honeycomb structure and allowing the applied coat of slurry to dry, and optionally caiclnlhgr' 
the coated, lionQycomb structure, (b) a method for obtaining at fihished catalyst by Wet pulverizing a 
refractory^nprgahic oxide together with water added m 1 ^efo J me.reb^\forrriing a sldrry, 'applying the'slurry to* 
a nPpeycpmb structure and drying \the applied coat of Slurry/ optrohalry calcining the'Vesultant dry boated 
honeycomb structure, th'bn impregnating the coated honeycomb structure With a mixed solUtibb " oP 
catalytically active components, drying the impregnated hbneyccmb structure, 1 arid optionally calcinihg r! lhe v 
dry honeycomb structure, and (c) a.methpd fer Obtaining' a finished catalyst by impregnating a : refractory 
inorganic oxide with a rrjixed solution of part(s) 1 of catkiyticaily active cbrnjponents (such as, for' example, an 
NO* oxidizing component),; drying and optionally calcining the res^ittant impregnated, composite' thereby : 
forming' a 'powder, wet pulyeHzmg "the powder 1 together with' Wkter added' thereto and consequently forming ' 
a slurry, applying the slurry to a honeycomb structure" and 'drying' the" applied coat of slurryr optionally 1 
calcining the. dry coated honeycomb structure, then impregnating the structure with a mixed solution of 
remaining part(s) of catalytically active components (such; as, 'fof example' an NOj, adsorbing component), 
and drying and option'aliy calcining me 'impregnated strubture." the raw materials Which are usable for the" 
formation of catalytjca[ly' attive ;corripprients inciude nitrides, chlorides, sulfates; carbonates, ancf acetates', 
for example./' .'' ' " '• ' • ••• • -• ' ••' " .',..:• '•■• ;'/,/ . r -- " *' •'- • - • 

When the exhaust gas ^under treatment contains' hydrocarbons/ earbbh monoxide, etc! at high con- 
centrations, the catalyst mentioned above rriay be used in combination with an oxidizing catalyst or a three^- r * 
way catalyst.' In this case, the catalyst described above 1 may' be disposed innhe leading stage and the 
oxidizing catalyst or three-way catalyst in the trailing stage relative to the inlet for the exhaust gas. ' 
Particularly when the exhaust gas contains hydrocarbons, carb'bn monoxide, etc. at high concentrations; the 
three-wjay "catalyst. is iised for trie purpose of enhancing the stoichiometric conversion of NO x with the 
oxidizing 'catalyst ' •' ' * * 1 ' ' : r. .■*■■>. :. 

When the exhaust gas under treatment has a, low temperature, the ratio of purific^oh ofthe •exhaust' 
gas is low as when an automobile is being stafted/The low temperature is undesirable because it causes 
particularly the ratios of removal of CO and Hp' to''be consplcuo^y v 'i^reaseiJ.- In this case, the ratio of" 
conversion of HC can be enhanced by preparatorily elevating ^the ! -tem^erature of the' exhaust gas: The 
purification of the. exhaust gas may be carried out"witb a three-way cat§ryst br an oxidizing catalyst installed^ 
as a warm-up batalyst. '' '" " '■"•'- ? " J ' ;: ; : ; : * r -''--' & '•■'••'■'* •> ^ v , • : ■ r.r 
'".'thte.case.. the removal of nitrogen oxides ffbm the e^h'atist' gAs' may be 'effected by a method of : 
disrxjsing.the ttiree'-way catalyst dr oxidizing catajysi on the 'jpstrearn side' of the flow of me exhaust gai, ' 
then the catalyst set forth in claim 1 next thereto/and th three-way catalyst or dxidizihg catalyst farther oh 
the downstream side. 

The oxidizing catalyst has' no particular restriction. l( is dnly required to be capable of oxidizing 
hydrocarbons' and carbon monoxide, the catalytic components which are effectively usable in the oxidizing 
catalyst include noble metals such as platinum and/or palladium" and refractory inorganic oxides such as 
alumina, titania, and silica, for example. One or more members selected from among rare earth oxides such 
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as lanthanum oxide (Lai Q3) and from among metajs such as iron; cbba|t and nickel may be additionally 
used: 'The amount of the noble metal to be preferable is desired to be in the range' of 0.1 to 5'g per liter of 
the catalyst. The. amount of the refractory inorganic oxide to be carried is preferable to be in the range of 10 
to 300 g per liter of the catalyst. When the' oxide' of a rare earth element ; is'additioha1ly 'inc»rporated' in the 

5 catalyst the amount thereof is preferable to be within the range of >0 to '150 g per lite^ of the Catalyst. If the 
amount' of the noble metal is less than 0,1 g per liter, the catalyst will acquire only an uffddly low capacity 
for the purification. If it exceeds 5 g per liter, the '"excess supply of the noble metal Will 'bring about no 
proportionate addition to the. effect If the' amount of the feifractory inorganic' oxide to be added is" less than 
10 g per liter, the ability tp. disperse the noble metal will be degraded intolerably. If it exceeds 300 g per 

jo liter, the. excess supply of the inorganic oxide Will bring 'about the adverse effect of clogging a honeycomb 
being used as a carrier for the rbfractory inorganic oxide. The Oxide of a rare earth element is added for the 
purpose of improving the thermal stability of the refractory inorganic oxide. If the amount of this oxide to be 
added exceeds 150 g per liter of the catalyst, the excess supply of the oxide will bring about the adverse 
$e&t /c b.f intolerably ; degrading /the. strength With which the catalytic ""component is ; carried. In the present 

js invention,' when tte selected from the group consisting of platinum 

and .palladium, at. least one metal selected from the jgfo'up consisting of potassium,- sodium, 'rabidium, and 
c sium, and a' refractory inorganic oxide Is disposed on the 'upstream side of the 'flpW of the exhaust gas 
and, then an oxidizing catalyst .is djsposed-nextlhereto, the contents of CO, Hp, etc. in the exhaust, gas can 
be further lowered than when ^ ~ , . ' "\ \ 

20 peherally! ja) palladium,' (b) platinum and/rtwxII'Um. (c)/ palladium and rhodium, or' (d) platinum, 
palladium/ and rhodium as noble metal corripbnenf(s),' a refractory inorganic oxide such as alumina, titahia, 
or silica, and ceria. are essential catalytic components for the three-way catalyst. This three-way catalyst 
may' additionally incorporate, therein zirconia and/dr the oxide of a rare earth element other than cerium 
such, as. for example, lanthanum^ generally prepared by having" the 

25 catalytic! compopeqts 'deposited on a/ honeycomb which is generally; used as a; Carrier for a catalyst, the 
amount of the noble metal to be deposited 1 is": preferable to be in the range of 0.1 to 5 g , the amount of such ' 
a refractory inorganic oxide as alumina, titahia, or siiica to be in the range of 10 to 1 300 g, the amourit df ' 
ceria (Ce20 3 > to be in the range of 10 to 150 g, and the amount of the oxide of a rare earth element other 
than cerium to be in the range of 0 to 50 g respectively per liter of the catalyst. If the amount of the noble 5 

30 metal is less than 0.1 g per liter, the catalyst will acquire an unduly low capacity for the purification. If the 
amount exceeds 5 g" per liter, the excess supply of the noble metal will bring about rto discernible addition 
to the effect of noble metal: If, the amount of. the refractory inorganic oxide' is less than 10 g per liter, the/ 
insufficient supply of this oxide will produce the adverse effect of impairing 'the ability thereof to disperse 
the noble metal, for example. If this amount exceeds 300 g per liter, the excess supply of this oxide will 

35 bring about the adverse effect of clogging" a. honeycomb being used as a carrier for the refractory inorganic 
oxide. If , the amount of ceria js less than 10 g per liter, the effect' of ceria manifested in' storing and 
discharging oxygen will not be fully manifested throughout the entire Volume of the catalyst. If this amount - 
exceeds 150 g per liter/the excess suppiy of ceria will produce the adverse effect of degrading the strength 
witti Which the catalytic components are carried. The additidn of the oxide of a rare earth 'element other than 

40 c Hum- is intended to improve the thermal stability of the refractory inorganic oxide. If'the/amount of this 
oxide to be added exceeds 50 g per' liter, the excess supply of theoxide will produce the'adverse' effect of 
degrading the strength/with which the catalytic components are 'carried because ceria is deposited "to some 
extent oh the three-way catalyst. The three-way catalyst removes fvlO x in a stoichiometric condition? It - fails 
to ffect the removal of NO x in a lean condition. This invention, however, allows the removal of NO x to 

45 proceed in a stoichiometric condition to a greater extent when a catalyst comprising at least one metal 
selected from the group consisting of platinum and palladium, at least one metal selected from the group : 
consisting of, potassium, sodium, rubidium, and cesium, and a refractory inorganie- oxide is disposed on the 
upstream side of the 'flowj of Jhe' exhaust gas/ and, a three-way catalyst is' disposed next thereto thart when 
no three-way catalyst/is disposed at ail./,/. /^ / [. /",/'.. . , /. 

50 typical examples of the tiiree-w|ay catalyst pi ttifs kind are cited below/ ' ' " * j ' : /; ; ; . 

(a) A three-way catalyst having carried oh a monolithic structure'carrier a mixture corhp'rising i6 to"300 g 
of activated alumina and catalytically active components composed of 0.5 to 30 g of palladium, 0.1 to 50 
t of an alkaline earth metal oxide, 10 to 150 g of cerium oxide, and 0.1 to 50 g of zirconium oxide per" 
lit r of the catalyst (Japanese Patent Application No. 04-82,31 1). 

55 (b) A three-way "catalyst having carried on a" monolithic structur carrier a mixture comprising 1 0 to 300 g 
of activated alumina and catalytically active components composed of 0.5 to 30 g of palladium! 0.1 to 50 
g of an alkaline earth metal oxide, 0.1 to 50 g of lanthanum oxide, 10 to 150 g of cerium oxide, and 0.1 
to 50 g of zirconium oxide per liter of the catalyst (Japanese Patent Application No. 04-149,400). 
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(c) .A,ttyee-way catalyst, hayipg carried on a monolithic structure carrier a mixture comprising 10 to 300 g 
of, activated alumina and.catalytic.ally active components composed of 0.5 to 30 g of palladium, 0.1 to 50 
g of an alkaline earth metal oxide, 10 to 150 ,g of cerium oxide, 0.1 to 50 g of zirconium oxide, and 1 to 
150 g of titanium. oxide per "liter of" the catalyst (Japanese Patent Application No. 04-166.383). 

(d) A three^vay -catalyst ^having carried on a monolithic'struct^re carrier a mixture comprising 10 to 300 g 
of activated alumina and catalyticaMy active. components composed of p.,5 to 30 g of palladium; 0.1 to 50 
g of an alkaline i earth . metal. 'pxide^io to 150 g of .cerium oxide, 0.1 to 50 g>f zirconium oxide, and 0.1 to 
50 g of silicon oxide per liter of the catalyst (Jap^^e Patent ^plication No. W166.460).' _ '_ 

(e) A three-way catalyst having carried.on a"mon^lithic^?$r«^riff carrier a mixture comprising 10 to 300 g J - 
of activated alumina and catarytically active com^'nents. composed.of 0.5 to 30 g of palladium, 0.1 to' 50 
g of an alkaline, earth metal pxide, 10 to 15£ g ,of cerium oxide, 0.1 to.50,g of zirconium tfxide, 1 to 5 150'g s 
of titanium oxide, and 0.05 to, 50 g of silicon oxide per liter ptthe catalyst (Japanese P^nt_'_Ap|>Ti^prJ ] 
No. 04-1,67,136). ' ...j J . /V .... I'. .' ,. ; . '■.,.*' ' J-r 

(f) A three-way catalyst, having carried on a^monplithic . structure! carrier a rpirtujre • c&n^^ng^ WQdNX'g ^ 
of .actiyated alumina.and catalytipaliy activei .components composed of O'.l. to.^lg^rtho^xidj bf at least ^ 
one' metal^sel'ected from, the group consisting of iron, itjbalt, and nicfeei, 0.5 to^W^'^all^urt'.^.l' .to .' 
.50 g of aq alkaline .earth metal . oxide, 10 to 1 SO^g. of cerium, oxide, and 0.1. to 50 g' of zirconium oxide per 
'Bfef'-oj'the cat^yst (^panes©.,Pa^..A^R|catioii .No. &ffi.ty$iJ _ . . .. . ; 7 V',, . -J ,' or .., 

(g) A "three-way catalyst' having carried on a moi^$hic ^•^.'.f^tH'^? 20 *° %K&'h 
of activated, aiumma and. cataiytically .acjHv© <l <^'pWrrts v <^'p^^''« 0.1 to 5 g p a total bf platinum 
and pailadiumro.0,1 to 1 g pf rhodium! and 10,10 1.50 g, of cerium qxide per liter of ^ h 9*^^ J , p ^^V" 
91.244)! .. ' ' ' ;.. ".,.'-. ' ■ •. " ". v 

(h) A three-way catalyst having carried on a monolithic, structure carrier 0.1 to 10 g of nobje me)ta1. 1 to ~ 
"s 1.^9,ot,oaourn oxide, and 50 to 200 g of .a refraclo^jrioroarUc oxide (JP-A-01 ; -27.f^6).; "," "" 

' -Now! , the present invention .will be described moVe. specmcal|y below with "reference - to working 
examples. It is to be distinctly understood , that the ipventjpn is not limited thereto, but rinay te, f Othehyise 
variously, embodied and practiced without departure from, the spirit of this invention. , ( . ' .". ' , J. 

Referential Example 1 , « •» .. /. . - , ., " ... % 

" A powder was obtained by mi'xing 2*6(6. g of, activated alumina having a BET surface area of 100 m 2 /g' 
with an aqueous dinitrodiammineplatinum solution containing 3 g of "platinum, drying trie resultant : mixture at 
1 20 * C for 2 hours, and, "calcining the .dry. ^txtlire at SOO;.r4 for.2iiours. This powder Was wet pulverized in a 
ball mill to obtain.an I aqueous slurry.. ,' . ,. >; ... . , ' 

A cordierite honeycomb cajrier (the product of '.Nippon Glass Co., .Ltd.; containing 400 gas flow cells per 
square inch of cross section and measuring 33 rnm'^in dianrtetef. f6 r mm jn length,' and 65 nil in volume) was 
dipped in fjje .aqueous slurry, t^en^removei^trierefrom/ and blown with compressed air to expel excess^ 
slurry. Then,' the carrier; coated with the slurry was d'rie^'at 1 2.0'* C for 2 hours" and I ;ca'lcined ; at ^00 • C for 2 
hours to obtain _a honeycomb carrier' coated with' ja.pl^urH^Jnl atomm 'pbwdeV, The; horteycomti 
carrier was dipped / in an aqueous solution containing f sodium' nitrate at"a concentration of 4^ 
removed ttierefrom'. b|own witiv coimpressed W.'to,js»^ /excess a^iieou> •"^lutioo ) tt^efrM^ dried at ' 
120*C, and calcjned at 500'C.to obtain a .finished catolysU^ was found'to have deposited 

on the carrier. 3 g of piatinuro.jf) g of sodium, (as met^ an^ f 200 g of,actiyated alUmina.-per liter of the 
carrier.-: , , .. :;f .. ■ •. v ■ 

Referential Example 2 . ,. 5 . . - j . ; r: . . vk, .-, ■ ■. . - . . ,, 

A finished , catalyst (2) was obtained by following | the ^ procedure fif Referential Ekdmple i ^ while osing an;' 
aqueous palladium nitrate solution containing' 3 g^ of palladium" in We place of the aqufeous dihitrodiarh 1 
mineplatinum solution containing 3 g.pf platinum. This. cjatalyst was found tiq'tiaye dfep'dsited On th% ; carrier 3 
g of palladium. 1Q g of . senium, and. 200 g Qf a^ 

Referential Exampl 3, , . , • , . ' .\, 

A finished catalyst (3) was obtained by following the procedure of Referential Example 1 while using an 
aqueous rhodium nitrate solution containing 3 g of rhodium in the place of the aqueous dinitrod'i'am- 
mineplatinum solution containing 3 g of platinum, this catalyst was found to have deposited on the carrier 3 
g of rhodium. 10 g of sodium, and 200 g of activated alumina per liter of the carrier. 
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Referential Example 4 ' . .5 ., w, . 

A finished catalyst (4) was obtained by following'the procedure of Referential Example' i while using an 
aquedus/utheniurn chloride solution containing 3g of ruthenium in the place of the aqueous dinitrddiam- 
5 mineplatinum solution containing 3'g of platinum. This catalyst was found to have deposited bn'lhe carrier 3 
g'of ruthenium, 10 g of sodium, arid 200 g of activated afcimina per liter of the carrierl 3 - ; ' J '• ' ' • 

Referential Example 5 

10 A finished catalyst (5) was obtained by following the procedure of Referential Example 1 while using an 
aqueous solution ^ fcontaining lithium nitrate at a concentration of 14.4 mots/liter in the place of the aqueous 
solution 1 cpntain[ng : sodium^nitrate' at a cbriceritratioh of 4.3 rriols/iiter. This bataiyst was found to 'have 
deposited on 'the carrier 3 g "of platinum, 10 g of lithium, ahd J 200 g of activated 'alumina per (iter of the 
carrier.' 53 1 ""'' "' ^ v ^' '* " ' ' ' '' '• vS K ■' "* '- " 1 ; '" '■• "" ' "•' . 

js " >:, i: ' 

Ref rential Example 6 

A finished catalyst (6) was obtained by following the procedure of Referential Example 1 while using an 
aqueous solution contaTnmg pot^ssiuhi nitrate at a concentration of 2.6 moisVliter in the pi'ace of -th'e aqueous 
20 solution containing sodium nitrate at'a concentration of 4.3 rnols/titer. This catalyst was found to have 
deposited on the carrier 3 g "of platinum, ^10 g of potassium,' and 200 fj of activated alumina per liter of the - 
carrier ' " ' " ' r '■ ' ' '" '"' ' " ; ■-•'•<■ ■ \ ■ •• •'• ' 

Ref rential Example 7 

25 < ■ '" ■ '' ' ' • ' 

A finished catalyst (7) was obtained by following the procedure of Referential Example 1 while using an 
aqueous solution containing rubidium nitrate at a concentration' of 1.2 molaiiter in the place of the aqueous 
solution' containing sddium^ nitrate at a coribehtration of r 4 i .3 rriols/iiter:- This catalyst was found to have' 
deposited on the earner 3'g of platinum, 10 g of rubidium, and 26619 of activated alumina - per liter of the 
30 carrier. '"'' ' "' "' , " 1 ■ '(--■-■ • ■■ •■■■■<' ■ ., ■.. a 

Referential Example 8 

A finished catalyst (8) Was pbtaiqed by following the procedure of Referential Example 1 while using an 
35 aqueous solution containing cesium 'nitrate at a concentration of 0.8 mol/'liferln the place of 'trie -aqueous 
solution chaining 'sodium" nitrate at 'a 'cortcehfratj&i';of'4l3' mois/liter. this catalyst was found to have 
deposited on the carrier 3 g of pjatinuiin, 10 'g of cesium, 'and'200 g of activated alumina per 'liter of the 
carrier. ' r ■ ' . '. ' ' 5 '" '" '. ' *' ? ' • ir ' n '" •"' '"' "' " 

40 Referential Example 9 

A finished catalyst (9) was obtained by following the procedure of Referential Example 1 while using an 
aqueous solution containing'' 'tteryliium nitrate 1 afc a concentration of lilt mdlsfliter in the "place 1 of the 
aqueous solution containing sodium nitrate at'a cohceWatiorr ^'c^-4:3 'mols/liter. Ttiis cataryst Was found to ; 
45 have depositee! on the carrier 3 g of platinum, 10 "g "of beryllium, and 200 g of activated alurniha per'iiter of 
the carrier. ' ' ' "~ _ ' ';; ' *' ■"'"'' ' '' ''". '" ' v ' •;• ' ' '"'^ * 

Referential Example 10 

50 A finished catalyst (10) was obtained by following the procedure of Referential Example 1 while using 
an aqueous Solution, containing magnesium hitrdte^at a coricentratidn of 8.2 mols/liter in the plabe of the 
aqueous solution containing sodium nitrate; at'a; concentration of 4.3 mols^iter.' Triis catalyst was found; to 
have deposited on the carrier 3 § of 'jjlatinOm; 20' g of magnesium, and 200 g of activated alumina per fiter n 
of the carrier. "' ..'^ '''' • ' c ' •"' _ ' ' " 

55 ' . . . . 
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Referential Example 11 

,. A finished catalyst (11) \yvas obtained by following. the procedure of Referential Example 1 while using 
an aqueous solution, containing calcium nitrate at. a concentration ,. of 5.0 mols/iiter in the place of the 
5 aqueous solution, containing^. sodium nitrate at a concentration 0^4.3 "mols/liter. This catalyst was found to 
have deposited on the carder. 3 g. of platinum, 2Q gof calcium,, and 200 g of activated alumina per. liter of 
the carrier. ...... 

Referential Example 12 

to i r ... . . ■ ■ , ,7 , ■- . ; . . t, ... .. , , 

,A finished catalyst (12) was. obtained t by .following, the. procedure of Referential Example 1 while using 
an. aqueous solution containing strontium nitrate at a cprTc^nt^atiorj of 2.3 ^mols/liter in the place bf the 
aqueous solution„containing sodium .nitrate at a concontratiqn of 4.3 m]pM^ v .^K'.c^ry^,vvas .found. to 
have deposited on the carrier 3 g of platinum, 20 g of strontium, and '200 g of activated alumina per liter fef, 

is the carrier. 

Referential Example 13 ' s. ...... • 

^ A finished catalyst .(13), was obtained lay fqllowjnjg r th.e procedure pf^e'terenttel Example' 1' v^ile 'using . 
20 as\ aqueous,, psoluiiofi coniajning barium acetate at . a concentration , of, \ '.$~ mols/liter in the place of the 
aqueous solution, containing sodium nitrate at a concentratipn I mb|s{lite'r. This catalyst, was found -to,, 
have deposited on the carrier 3 g of platinum, 20 g of barium, and 200 g of activated alumina per'liter of the , 
earner. 

25 Referential Example 14 

A finished catalyst (14) was obtaiqe.d by following the procedure of Referential. Example 1 yvhile' using a 
mixed 'aqueous solution containing dinitrodiammineplatinum, incorporating 3' g. .of platinum therein '"and . 
copper nitrate .incorporating 2 g,. of . copper therein in tbe.,place i of the ic ^u^us/dinitrodiamminepl.atinum,' 
30 solution containing 3 g of platinum. This catalyst was found to have deposited on the carrier 3 g of platinum, 
2 g of copper, 10 g of sodium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 15 

35 A finished catalyst (15) w.asVobtained by following i the procedure .of Referential Example 1 while using a 
mixed aqueous solution, containing 'dinjtro^arr^r|)iriepla¥QUiT) ihcorporatincj 3 g of platinum therein and cobalt 
nitrate incorporating 2 g of cobalt therein^ i'p the place of the aqueous dinitjcwJiammineplatjnum solution"; 
containing 3 g of platinum. This catalyst was found to have deposited oh the carrier 3 g of platinum, 2 g of^ 
cobalt, 10 g of sodium, and 200 g of activated alumina per liter of the carrier. 

40 

Referential Example 16 

A finished catalyst (16) was obtained by following the procedure of Referential Example ?. f while using a 
mixed aqueous, solution, containing .dihifrodiammineplatinum ihcorpbrating 3 g of piatinum. therein, and 
45 manganese ^nitrate , incorporating , 2 g of. manganese therein 'in ^ the place of 1 the aqueous dtnitrbdiam- 4 
minepiatihum solution containing 3 g of platinum. This catalyst was found to' have deposited^oh the carrier 3' 
g of platinum, 2 g of manganese, 10 g of sodium, and 200 g of activated alumirja per liter of the carrier.' 

Referential Example 17 

50 ,■■.-■-■,..,,> , ,. .' . r - , | 

,A finished calalyst (17). was. obtained' by "p^ep^ng'ja catalyst (A) Jnthe same.'maniier as in Referential 
Example. 1, dipping this catalyst in an aqueous, solution' c^t^qing.^mon.iuirj mplybdate at a concentration 
of , 0.5 moi/liter, removing the catalyst therefrom, T blowing, thefwet' catalyst with' c^m^r ss eid ai r to expel, 
excess aqueous solution therefrom, drying the catalyst at 120*C, and calcining th dry catalyst at '500;C. 
55 This finished catalyst was found to hav deposited on the carrier 3 g of platinum, 10 g of sodium, 5 g of 
molybdenum, and 200 g of activated alumina per liter of the carrier. 
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Referential Example 18 

A , finished catalyst (18), was obtained , by preparing a catalyst (A) in the fsajne mariner as in Referential 
Example 1, dipping this catalyst in an. aqueous solution containing ammonium tiingstate . at a concentration 
5 of 0.3 ^mol/liter, removing the catalyst therefrom, blowing the "wet catalyst w)th coip'pressed air to expel 
excess aqueous solution therefrom, drying the catalyst at 120*C. and calcining the dry catalyst af500"C. 
This finished catalyst was found to have deposited on the carrier 3 g of platinum, 10 gof sodium,. 5 g of 
tungsten, and 200 g of activated alumina per liter of the carrier. 

io Referential .Example 19 . , • , , . , < > 

A finished catalyst (19) was obtained by preparing a catalyst (A) in. the sarnie manner as in Referential 
Example 1, dipping this catalyst in an aqueous solution containing vanadyl oxalate at a concentration of 1.0 
mol/liter, removing the catalyst therefrom, blowing the wet catalyst with compressed air to. expel excess. 
is aqueous solution therefrom, drying the catalyst at 120*C, and calcining the dry catalyst at 500 ; 'C. This 
finished, catalyst yyas, found , to have t deposited on the carrier 3 ,g of platinum, 10 g of sodium,. 5 g of 
van^^,,aiKl,,^'9\of ^yat^ alumij^ perjtter pf tiie carrier. ' r ' . '..'['.. , u . . 

Rei^rentiai, Example 20. ....... .. .. ... >( -, , : p) . j , , , . "... >r 

20 ' ' ,, v.. . - - ■: - :.. ;■' •, ,.• , .• ; 

A powder was obtained by mixing 100 g of the same activated alumina as used in'"Referehtial Example 
1 with a mixed solution of an aqueous dinitrodiammineplatinum solution containing 2, g of platinum. and an 
aqueous rhodium nitrate solution containing 0.4 g of rhodium, drying the resultant mixture at 120 "C for two 
hours, ,and ; calcining the dry mixture at 500° C for two hours. This powder and 50 g of cerium Qxide were 

25 wet b pu(verized together in a ball mil) to pbtaiq an aqueobs, sjurry v .The .same, honeycomb carrier as used, in 
Referential .Example,^ was dipped in the aqueous, slurry,, removed therefrom, and blown wtth compressed, 
air to expel .excess aquequ? slurry. Then, the .resultant composite was dried at ,120,* C for 2 hours to obtain a 
finished catalyst (20). This catalyst ; ,was found to tVave deposited qn Jhe carrier 2 g of platinum, 0,4' g of 
rhodium, 50 g of cerium oxide, arid 100 g of activated alumina per liter of the carrier. 

30 - ;• c. 

Referential Example 21 

Zeoijte, grade ZSM-5, was prepared , in accordance with ^e ( information reported in literature (Rapid 
Crystallization Method, Proceedings 8th InternjatipnaJ Cpngre^on patalysi's, Berin, 1984, Vol. 3. £ 569). By 

35 the X-ray. analysis, the zeolite thus .bMalpedJW''i^en^fied^as the product of grade. Z$M-5.. To ,the mixture, 
obtained by stirring , 1.5 'kg of this zeolite, grade ZSfcf 5/ r anp".6 liters of purified water added thereto at 98 *C 
for two hours, an aqueous solution containing copper" arnmine complex at a concentration of 0.2 mbl/liter 
was slowly added dropwise at 80 'C. After the addition was completed, the resultant mixture was,. stirred 
continuously at 80 s C for 12 hours. It was cooled to normal room temperature and then filtered to separat 

40 the zeolite,, The zeolite was thoroughly washed arid dried at 120 • C for 24 hours. The powder consequently 
obtained, was wet pulverized in, a, bail mill, to "obtain : .an-,aqueous | slurry, thereafter, a finished. catalyst (21) 
was, obtained by following the pnfcedure of Referential Example 1, while usipg the aqueous slurry instead, 
Thiscataiyst was found to have deposited. qn|, the carrier ,120 g of, the 'zeolite, grade ZSM-5, and ,6.9 g of 
copper per liter of the carripr. . . . ; ., • • , . ; .; 

45 

Referential Example 22 ' . : v' 

A finished, catalyst (22). ..was, obtained by^jpjlowing the procedure of Refereptial Example 6 w.hije using 
o!05, g,of platinum in the place of } ttie' aqueous of platinum, 

so This,. catalyst was. found to have ..deposited 'on the carrjer .O.'OS g of platinum. JO g qf potassium, apd, 200 g 
of activated alumina per liter of the carrier.. , ... , . , ...... , ^ ' • o. 

Ref rential Exampl 23 

55 A finished catalyst (23) was obtained by following the procedure of Referential Example 6 while using 
0.2 g of platinum in. the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum. 
This catalyst was found to have deposited on the carrier 0.2 g of platinum, 10 g of potassium, and 200 g of 
activated alumina per liter of the carrier. 
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Referential Example 24 



A finished catalyst (24) was obtained by following the procedure of Referential Example 6 while using 
25 gdf platjriuM in the plaice ol the i aqueous dinit/odiammlnepiiatnurn solution containing 3 g of, platinum. 
5 This catalyst was J: fouh(cl to have deposited on the carVief 25 g of platinum,' 10 g of potassium; and 200 g of 
activated afomir&pWniii&.Qf tfie carrier. / '" ' " . '"" ; '' ' 

Referential Example 25 " " ' ' ! * . /. . ^ t . ^ . • • . • - 

io A finished catalyst (25) was obtained by following the procedure of Referential Example 6 while using 
40 g of platinum in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum! 
This catalyst was found to have deposited on the carrier 40 g of platinum, 10 g of potassium, and 200 g of 
activated alumina, per titer of the carrier. '"' •<•"•-.' •-. ••• '•• . ■ r ■ •' ^- - ' "' 

is Referential Example. 26 ' 1 ' , '" n * * , ? '" ' ' iJ . ' " ; c ''*' /' 

A finished catalyst (26) was obtained' by fdHowihg the procedure' of Referential Bcampfe 6 while 1 using a' 
mixed solution of an aqueous dinifrodiamminepla^nurtV solution containing' 3 g of platinun/and an aqued'us ' 
palladium nitrate solution containing 2 g of palladium in the place of the aqueous dinitrodiammineplatnum 
20 solution containing 3 g of platinum. This catalyst was found to have deposited on the carrier 3 g Of platinum, 
2 g of palladium, 10,g of potassium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 27 ' , '" \ . . ' / - ' ' : J " - .' 

25 J . finished catalyst (27) was^obtain'ed by following 4rie procedure of Referentiaf Example 6 white' using; a' 
mixed sotution of ah aqueous dinitrbldiammineplatin'dm/sdlutibri containing i 3 g of platinum antfWab,ueoiis'' 
medium nitrate' sblutiqn containing 0.3 g of rhodium"' in the place of trie aqueous dinitrodiammirieplatn'urn 
s6luti6ri ;c6htaining 3 g of platinum, this '^atalyst was ; found to have depositeB'on the carrier 3 g of platin'rj'm, ' 
0& § of'rhodiunClO'g' bf potasWrp. and'206 g_bf activa^eo''aJurriina pef IHei* of the carrier. j ' ° * ' 

30 ; ' ' • < " ^' ■' •>■''■ *~> ' - •">•• 

R ferential Example 28 



. A finished catalyst (28) was obtained by following the procedure of Referential Example 6 while using a 
mixed solution Of. an aqueous p^n^'ammirYep^a1inum°'solut^n Borrtaihin^' 3 g of platinum and an aqueous 
as ruthenium nitrate' solution containing 0.3 g of rutheniuW in'the'piace df the'aqueous dinitrodiammineplatnum 
solution con'tainjng 3 g "of "platinum, this catalyst was* fodnd id Have deposited or! the' carrier 3 g of platinum, 
0.13 g of nltheriiiim, 10 g of potassium, and'200 :g of activated aVumina per liter of the^carrier. • ■ -■ . 

Referential Karrtple' 29 , ' ' " ' r ;~ 'J' '^'''' J " . ' "■ 

40 " '' ; '* , ' ' '' ."*' 1 '"• ' . ' .' ', ' i5 ' ; '' ' -• • 

Afinishe'd catalyst (29) was 1 obtained by following the procedure of Referential Example 6 while using a 
mixed solution of an aquedus palladium nitrate ~ solution' containing 5 g of palladium and an aqoebus 
rhodium; nitrate solution, containing 0.3. g of rhpdium 'in the place of the aqueous dinitrodiammineplatnurn 
solution containing 3 g of platinum. This : catalyst was fourid to tiave deposited on ' the ^carrier 5 g of 
45 palladium, 0.3 g of rhodium, 10 g of potassium, and 200 g of activated alumina per liter of the carrier. ~ 



Referential Example 30 .„ " 

A finished batal^st (30) was obtained by" following/ the procedure i of Referential Example 6 whife using 
so ah aqueous sotution' containing' potassium nitrate! at' a dbhcehtration Of 0.13 rnol/liter in the place' of the 
aqueous' solution containing potassium nitrate at a'concentratioh^of 216 rhols/liter.' This catalyst was found to ' 
have deposited on the carrier 3 g of platinum, 0.5 g of potassium, and 2^ g of activated alumina per liter of 
the carrier. 

55 Referential Example 31 

A finished catalyst (31) was obtained by following the procedure of Referential Example 6 while using 
an aqueous solution containing potassium nitrate at a concentration of 0.52 mol/liter in the place of the 
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aqueous solution containing potassium nitrate at a concentration of 2.6 mols/liter. This catalyst was* fouhcTto 
have deposited on the carrier 3 g of platinum, 2 g of potassium, and 200 g of activated alumina per liter of 
the carrier '• " '" '" •'; ; • : ' : '■• 

5 Referential Example 32 " ' '-■ ■■ ■ ■ > ' ■ 

A finished catalyst (32) was obtained by following the' procedure of Referential Example '6 while using 
an aqueous solution containing potassium nitrate at a concentration of 18.2 mols/liter in the place of the 
aqueous solution containing potassium acetate at a concentration of 2.6 mols/liter. This catalyst was found 
10 to have deposited on the carrier 3 g of platinum, 70 g of potassium, and 200 g of activated alumina per liter 
of the carrier. 

Referential Example 33 ■; - • i 

is / A finfeheW'cata'fyst (33) "was obtained by following the procedure of Referential Example ©"while wing 
an aqueous v solution containing potassium nitrate 'at a concentration 6f' ! 23.4 mols/liter in -the place of 'the' 
aqueous 'solution 'containing potassium' acetate 5 at a ! concentration of 2.6 rriols/liter. This catalyst was found 
to" hWe deposited on the carrier 3~g of platinum, W g of potassium, arid 200 g of activated alurnina per liter 
of th6 ! carrier. V. " :'-.",'''* " '""~' v '"' ''' : '' -a ■' y. ■ " 

20 Vj!.* 1 ' ' ! '" : ' - ; ' ' " •• '' .JSC;. ■.CV. f "' ■ 

Referential Example 34 - ' i! ' ' -°C rK ' - ; ■: ; " .,£>-;, <.■•■;:,< -w.y.> 

• AfiHished catalyst (34) was obtained by foffowing' the procedure* of Referential Example 15 while- using 1 
a mixed aqueous soluti8n of cobalt nitrate containing 0.05' g of cobalt in the place of the aqueou's solution of 
25 cbbaH' nitrate ; containing 2 g of cobalt. THiS catalyst was found to have deposited on the canter "3 --g of 
platihurn, 0.05 g of cobalt, 1 0 g of sodiumi and 200 g of activated alumina per liter of the carrier. f - •'• - •' 

Referential Example 35 ' ' 

30 ; A finished catalyst (35) wa^ bfetained by following the procedure of Referential Example 15 while using 
a mixed aqueous solution 1 of cobalt nitrate containing 6.2 g of cobalt in the place of the aqueous solution of 
cobalt nitrate containing 2 g s of cobalt. This cataiyst was found to have 'deposited on the carrier 3g of 
platinum, ,0.2 g of cobalt; 19 g of sodium, and '2b<S'(jfbf activate^atumiri£ per liter 'of 'the carrier. " ; ! 

35 Referential Example 36 ' ' ^ ' . .r 3, , . c ; , - v 

A finished catalyst (36) ; was dfttUihed by following trie procedure of Referential example 15 while using 
a mixed aqueous solution of cobalt nitrate 'cdritairiirig 25 g of cobalt in the place of the aqueous solution of 
cobalt nitrate containing 2 $j :t of coo^. : Thisl catalyst •was*' found to have deposited on the carridr 3'g of- 
40 platinUm, 25 g of cobalt. 10 g of sodium, and 200 g of activated alurnina per-liter of the carrier, a 

Referential Example 37 

A finished catalyst (37) was obtained by following the procedure of Referential Example 1 5 while using 
45 a mixed aqu'eou^ solution of cobalt nitrate containing 40 g of cobalt in the place of the aquebus^solutidn of 
cobalt nitrate' containing 2 g of cobalt This r catalyst wais found to fiave deposited "on the earrieV 3 g* ; of 
platinum, 40 g of cobalt, 10 gof sodium, and 200 ig of activated alumina per 'titer -otthe carrier. v 

Referential Example 38 

so 

A powder was obtained by'mixirig 100 g of' the same activated alumina' as "-used in Referential-'Example 
1 with' an aqueous dinitrddiammineplatiriurn solution containing 1 "g of platinum; 1 drying ihe resultant mixture 
at 120*C for 2 hours, and calcining the dry mixture at 500 "C for 2 hours. An aqueous slurry was obtained 
by wet pulverizing the powder, 2 g of lanthanum oxide, and 2 g of iron oxide together in a ball mill. 
55 Thereafter, a finished catalyst (38) was obtained by following the procedure of Referential Example 20 while 
using the aqueous slurry instead. This finished catalyst was found to have deposited on the carrier 1 g of 
platinum, 2 g of lanthanum oxide, 2 g of iron oxide, and 100 g of activated alumina per liter of the carrier. 
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Exarapl? t-. , ,. , .-■ , t , ..... .. ; • ,« . . ... . , , . 

The catalysts obtained in Referential Examples 1 to 37 were subjected to a test conforming to this, 
invention (hereinafter referred to as "Test") as shown hereinbelow and to a test for comparison (hereinafter 
s referred to as "Control"). 

A sample catalyst was packed in a stainless steel pipe 34.5 mm in diameter and 300 mm in length. A 
reaction gas of the, following composition was , introduced into, the stainless steel pipe at a spatial velocity of 
20,000/hr. ... < ' v .: - . .. 

io Preparatory Test > • , 

In preparation for the Test indicated below, the sample catalyst was analyzed to determine the capacity 
thereof for adsorption of nitrogen oxides. For the determination, an apparatus having chemica) emission^, 
type nitrogen oxide analyzers (capable of determining the NO and NO2 contents as the total NO x content) 

is (omitted *rpm illustration) connected one each via condujts 3 and 5 to the pipe at the points in front of and 
behind an enclosure for a catalyst -bed 4 as illustrated in. Fig. 1 .was used. The enclosyre for "3 catalyst bed , 
4 in, the apparatus kept heated wjth.^an electric furnace 1 -1 .was .filled with the sample.. catalyst. Then*, .a .gas 
composed, -of. 2.0% by volume of oxygen, fed, via a regulating. valve 1b ; 1.0%. by yolunSe of. water fed via a ~ 
regulating valve 7a, and the balance to make up 100% by volume of nitrogen fed via a regulating yalye 1d 

20 was introduced at 400 * C into the apparatus. After the flow volume of this gas had stabilized, nitrogen 
monoxide (NO) was introduced into the apparatus so as to give the gas a nitrogen monoxide content of 50p; 
ppm. In the course of this operation, the gas was analyzed continuously to determine the NO contents of 
the gas before and. after the catalyst, bed 4, with the. ; defermined NO. contents accumulated, to find the 
capa^iof the;.<^ysjt:for.ad'sofpti9n,f9f nitrogeo oxides. The resutts are shbwn jh Table V. ""' '.' 

28 ,- Then,. : with the inlet temperature of the catalyst bed kept at 400*C, the operation was continued under a"' 
varying set of conditions prescribed for. a, relevant test to, find the average ratio of removal of NO*, per hour.. . 

Testl . . , 

30 A, reaction gas was formed by feeding 500, pprrj of .nitrogen monoxide (NO), .2.0% by volume : of, oxygen, 
2i00Q ppm of carbon, monoxide, , and the balance to make up 100% by .volume of nitroger> respectively vJa . 
regulating- valves. la, 1b, 1c,. and 1d to-a gas mixer 2. By the action of a liquid supply pump 6 and ah 
evaporator 10, water- was advanced via a liquid, supply valve. 7a at a ratio calculated tb givejhe reaction gas, 
a water content of 10% by volume and introduced into the catalyst bed 4. Propylene (C3H6) was fed for a 

35 duration of 10 seconds once per minute via a regulating valve 1e at a ratio calculated to give the reaction, 
gas a propylene content of 3,000 ppm (as methane) and introduced into the reaction gas iri the gas mixer 2. 
The reaction gas finally formed was supplied at a spatial . velocity of 2Q.000 he 1 to the catalyst bed 4, with 
the inlet temperature of the catalyst kept at. 400* C with the. electric furnace 11 to carry out Test";).. The 
exhaust gas emanating from the catalyst bed was discharged through a gas outlet 6. Iri the, course of thj's 

40 operation, samples of the gas were extracted through the conduit 5 via a,samplihg valve 9b and introduced" 
into the analyzer to determine the ratios of removal of NO x .The results are shown in Table i. 

Test 2 

45 , This test .was performed by following the procedure, of test 1 while, adjusting the oxygen' concentration,, 
at 0.4% by volume only during the introduction of the reducing agent and "at 2.0% by volume' cJtjring the 
absence of this. introduction. The results are shown, in Table 1. . . . " t y 

Control 1 

50 

,r This control was performed by following the.procedure^pf Te,st 1 wtyte constantly, adding propylene at a 
ratio of 1,000 ppm. (as methane) instead, of intermittently, introducing propylene. Trie results are shown, in 
Table 1. - "c" ' .• ' '■■ - X , 

55 Control. 2 . ' . " . \- . 

This control was perform d by following the procedure of Test 1 while omitting the use of propylene. 
The results are shown in Table 1 . 
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• 10 1 


L..72, . 


88 


34 ) 


8 3 


75 I 


:■' 5 \ 




73 


92 


35 I 


' 1 1 ' 




7 ! 


' 'i A . | iq '.' j 




88" 


38 ; 


*h2 


s 

•j. 


r 8 i 


: I 11-.! 5 i 


_ 75 ■ 


90 


30 


"12 


20 | 


-9 ! 


! • - j 10**'' 1 


I „7l „. 


88 


30 ' 


£l0 J 


r 


'10 * 


; 10 . i 


69 . 


... 89 


28 


15 1 1 






12 


' 75 


90 


.... 30 j 


11 ■■ 


25 S 

; 


,12 ^ i 


■ 12 | ? 


: 72 


91'. 


35 ';. 


12 J 


* 


- '13 . ■ 


" ... , ' 13 


7? 


90 ... 


31/. 


11 




14 




80 


. 93 


..44. 




i 


15 


f i if - : 


: 79 ... 


... , 93 .. 


43 


ii ; 




16 ' 


Ci . * 18 


71 


.- . 95 


42 ; 


«. t12 .. 




17 


< 161 L . ; 


.76 , 


96 . 


. 45 ' 


11 


35 


'18 


■ . i 5 :. - r 


" 75 


96 - • 


46 ! 


10 




19 


15 


82 




: 451, 


/ 12 " 




20 


1 


20 


25 


20 


11 



*1: Amount of nitrogen oxides adsorbed (m.mol) per 



litter of the catalyst. 
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Table 1 (continued) 



. Catalyst . 


Amount of HQ% ] 
adsorbed 'to 
saturation r 
■ (n^'aol/litD*? 


| Ratio of "rein val fNOx 


?est 1 


•test 2 j 


Control 1 


Control 2 




r - i ' v" • 


;.' 4i 


... 


" 40 ' 


,3i' .; 




.'**'' g . > " ' "' 




- 63: 


" 18 


.... r 


23 




•7b 


■ ' 8<? ' 


" 24 t 








68 


* 88 . 


" 40 ■ 


1 


25 • 


7 ■; 


54' 


72 ' 


44 f 


-20-1 




. •. 

18/. 


85 


96 




; 12 \ 


r27 f 


■ ; 16 • 


82 


94; 


' ~40 'I • 


~ 13 > 


*28 - 




. . 72 „.. 


88, 


36 j """" 


" .14 ■ i 


t ; -29 \ 


H" 


'■" 76 


90 


"36 * - 


;t2 


r30 


' 5 ; 


42- - 




- 30 - 


- 10 ' * 


. 31 ; 


1Q 


; ~n * 


" " 86 


30\ 


" ^12 




28 


70 




20 j " 


• i* -! 




10 


40 


66;, 


' 16 


." it 


" 34 ,' 


*7 r 12 " 


72 


88 


38 


• .. g -* 


35 " " 


, IIP', 


78 


92 


42 


-11 : 


36 


" is, " 


'78T 


92 


42 


. 11 


37' 


, i4>, 


'64 


80. " 


30 . 


6 



| *1: Amoant af nitrogen oxides adsorbed (m.mol? per 

Titer of the; catalyst. ;"" "V * 



This test was performed by following the procedure of Test 2 while using the catalyst obtained in 
Referential Example 1 and varying the interval of introduction and the duration of introduction of propylene, 
45 the molar ratio of the amount of the reducing substance to the amount of NO x adsorbed, and the kind of 
reducing substance. The results are shown in Tables 2 to 5. 
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Table 2 



i Interval of introduction of r^ducing.substa'nce (second) _ ' 


1 20 


60 


60 


60 


Arpount of NO* adsorbed (m root/fit) per (iter of the catalyst** - ' ■ ' ' 


2.2' 


6:1 


6.1 


6.1 


. ' . J. Degree of saturation of adsorptionC?^)* 2 . ' '" 


? :.1Z:. 


48 _ 


4? 


48 


. . ''...[ - » Reducing substance* 3 .. , ._ 


Pr 


Pr 


Pr 


Pr 


' ^. Concentration of redudng substance fopmCi ) in he reaction gas.. , J [/ J 


3000 


3000 


1500 


4500 


f _ - 1 ..Duration of introduction of reducing substaoce:(secorfd); " 


.3 


10 - 


20 


10 


jAmbuht of rediicirlg ^substancVinfroducWd (m.mbl/liter) per litec of the. ck'alyst H; j 


3.0. 


8.3 


8.2 


12.3 


/Irnount of- reducing subsjtahce .ittiodb(&VAmbi^cit.VO^ adsorbed (rrto|ar ratio) 


U 


13 


1,3 


2,0' 


' i. J .1 .1 ..... Ratio of removal of NO K (%) 1 f ..' '~ 


94 


9Q _ 


88 


91. 



*1: Amount of NO* adsorbed in one process of i'ntrb^uctidri of reducing substance per liter ofifie v '•• 

catalyst. ■ . .. _ ,;, ^ , . 

*2: (Amount of nitrogen oxides absorbed/amount ofnitrbgert oxides adsorbed by the catalyst' to • ; 0 r t! ' 
saturation) x 100(%) ( " " 

*3: Reducing sybstance - pr: propylene (gas) J ' l' ^ . y ''' J ' J ' 

*4: Amount of reducing substance introduced in one process of introduction of reducing substance" ! ' ! " 
per liter of the catalyst. - .,— ;. .. . ..I ',:„": 



Table 3 ' 



Interval of introdUjCtion of reducing - - 
substance l(secbrid) • j / ; 


.15:' 


:. 15 


3t)00 


4800' 


10 


: : 10 


. : 45 


12Q 


Amount of !nO x adsorbed (m.mol/lit) per 
(rtefof tJie\eatalyst5V _ 




1.7 


12 


12 ■ 




: 1.2 


4.4 


10.1 


Degree of saturation of adsorption (%)^ ; ' 


6 


13 


100 


-100 


- 10 


10 


37 


81 


Reducing substance* 3 ; 


Pr 


Pr ~ 


~ Pr 


- Pr 




Pr 


Pr 


Pr 


Concentration of ^e'ducirig substance ~'~ 
(ppmCi ) in the reaction gas ' 


,3000 


3000 


-3000- 


3000 


9000 


9000 


1500 


1500 


Duration of introduction of reducing __""*" .'. 
substance ; (secorjd) > • 




3 : '' 


\' 20.; 


.20. 


6-05 


0.5. . 


15 


30 


Amount of reducing' substance- introduced ; 
(m.mol/liter) per liter of the catalyst** 


. 0.81 


2.4 


16.5 


16.5 


. 0 r 12,, 


>- 1-2 


n 6.2,,. 


12.3 


Amount of reducing" substance introduced 
/ Amount of NO* adsorbed (molar^ratio) ^ . 


1.1 


,.•,-.1. 


l"3' ; 


1.3- 


0.1 

- ,.• ■«,_ 


1.0 




1.2 


Ratio of removal of NOi((%)' > : \ ^ K - I 


: 40 :: 


88 


50;. 


. , J32 \ 


. 'i 1.8?- 


88 , 


'• ;71 


;i; 42 



"1 : Amount of .NO* adsbrt^ of reducing [ substance per literof the "• 

catalyst.' ' ' " """" ;' ( '._ 

*2: (Amount of-nitrogen oxides adsorbed/amount of nitrogen oxides adsorbed by, the catalyst to ; . 
saturation) x 100(%) 

*3: Reducing substance - Pr: propylene (gas) 

*4: Amount of reducing substance introduced in one process of introduction of reducing substance 
per liter of the catalyst. ■ 
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Table 4. . 



,. : Interval of introduction off reducing'°substaiK^'($eQ9hcl)' 


60 


60 


240 


360 


• .Amount bf.NOx adsorbed T(m.mol/iit)"per liter o^ tffe catalyst* 1 


,.6.1 


6.1 


11.8 


12 


' .• » ; > j Pegree of saturation of adsbration'1%)* 2 " '" ' 


. 48 


48 


95 


roo 


: , ; ; , Reducing substance* 3 " ' . V "■ ~ ' 


Pr 


Pr 


Pr 


Pr 


Concentration of /educing substance "(ppmCi) ip the reaction gas 


3000 


3000 


9000 


9000 


Duration of introduction of reducing substance (second) r " 




15 


29 


73 


Amount of reducing substance introduced (m.mol/liter) perjifer of the catalyst** ~ 


3.2 


12.2 


7,09 


180 


Amount of reducing substance introduced / Amount of N0 X adsorbed (molar ratio) 


05 


" 2 


6 


15 


• . : j i Ratio of removal bl NO x (%) T "'. ,'," r ""\" ' 1 


44 


91 


60 


44 



*1: Amount of .NO x adsorbed. in, ong process of ihtrpductidn'off reduqrig>ubstoice per liter of the 
catalyst. •*.<<-. ...... - •■•'» < f: 1 J ' •• * c- 1» c«>. :..<■>-- ' ; ,-ic-- 

*2: (Amount o£ nitrogen oxides adsorbed/arrjount of nitrogen oxides adsorbed by the catalyst to 

saturation) x 1CG(%) ' .<..<--. . » 

*3: Reducing substance - Pr: propylene (gas) '' ■■ " 

*4: Amount of reducing substance introduced jn. one process of introduction of reducing substance t;f 
per liter of the catalyst. ' *" ' '' v * :i ' "'*•'' ' * ° 



Table.5 



_ ; ) - interval of introduction of "reducing substance (second) ' 


120 


60 


60; 


60 


; : Amount of NO x adsorbed (mJmol/lit) jser liter of the catalyst* 1 


10.1 


6.1 


6.1- 


6.1 


- N Degree of saturation of adsorption!^)* 2 ' 


81 


.48 i 


48 


*8. 


• , ; ' j Reducing substance.*? . . j _ 


Pr. 


An 


Et : 


Ur 


• • Concentration of reducing substance (ppmC1) in trie reaction gas' ! 3 °. 


3000 


3000 






, Duration of introduction of -reducing. substance (second) .. 


20 


to 






Amounj of reducing substance introduUid (m.mbl/lit'er) per liter of the^catalysf* -' 


"15'!6 


6.1 


12.2 


6.1 


Amount of reducing substance introduced / Amount of KlO K "adsorbed (molar ratio)" 


1.5 


1,0 


2.0 


1.0 


J Ratio of removal of INIO x (%) 


70 


90 


-89 


89 



*1: Amount df NO x adsorbed in brie process of infroduotion of reducing substance per liter of the 
catalyst! ; ', t • . v . . .• , . ; _ '. ; .. 

*2: (Amount of nitrogen oxides adsorbed/amount of nitrogen oxides adsorbed by the'catalyst to" 
saturation) x100(%) ! . * 

*3: Reducing substance-- Pr prbpylene; (gas). An: Amrr)onia (ga), Et Shahbl (introduced by.l. . " '.. 
spraying 0!56 g of liquid per liter of -catalyst), Ur: Urea (introduced by sprayingT0":46i,g, of.aqueous . 
40 wt% solution per liter of qataiys^, providing 1 rnoTdf urea .computed as 2 mots of ammonia". 
*4: Amount of reducing substance introduced in one process i'of iritrodu&idh of reducing substance 
per liter of the catalyst, , ^ . . .. 



Example 2 " ' . ,- - . . 

The samples of the catalysts obtained in Referential Examples 6, 20, and '38 were disposed in varying 
orders indicated in Table 6 in the dir ction from the upstream to the downstream side of the (low of the 
exhaust gas and tested by following the procedure of Example 1. The results are shown in Table 6. 
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Table 6 



Cat. upstream 


Cat. 
midstream 


Cat. downstream 


Amount of NO x .,. 
adsorbed (m.mol/lit)* 1 


■„ Ratio of removal of, NO x (%), ., 


Test 1 


Test 2 


Cohtrdl 1 


Control 2 


6 ■ 




••. 20 


.:.-c * 14 : - .- 


: ,86 


99, 




13 


20 




6 


13 


85 


98 


42 


12 ' 


),j 6. 




■ . <•,-, 6 .-.< ; 


.. : 26. ; 


75 


.94 


37 . 


,11 . 


• ; ' ; ' 20 \ 




■■' ■ 20 - ^ 




22 


26 


22 


f2 


6 




38 


19 


86 


99 


44 


13 






•• '<* 6 ■■ 


' " ' 18 " ■ 


85 ' 


' 98 


42 ! 


13- 


20 


6 


20 


16 


88 


99 


44 


14 








" ! " :< '-22 ■ ' iV3 - 


88 


99 


.' 44 


■ 14 



*1: Amount of nitrogen monoxide adsorbed (m.mol) per liter of the catalyst. 



INDUSTRIAL APPLICABILITY ' 

25 - This inversion pertains to a method for tHe^remoVal of nitrogen oxides from an exhaust gas character- 
ized by causing the exhaust gas in an oxidizing atmosphere to contact a catalyst comprising a refractory 
inorganic oxide and catalytically active components, the components comprising 0.1 to 30 g as metal per 
liter of the catalyst of at least one . rtbble metal selected from the group consisting bf : platinum- palladium? 
rhoHiyni, and rutheniurn or a compound of the noble metal and 1 to 80 g as metal per liter of the catalyst of 

30 aV'l 'aa^'l^'nwtaj's^'ediscl from the, group' consisting of Hthiurn, potassium, sodium, rubidium, cesium, 
b rylliuni,' magnesium, calcium, "strontium, arid fcarfuirrv oV'a compouhcf of the metal, thereby inducing the 
catalyst to adsorb thereon the nitrogen oxides in the exhaust gas ana", subsequently intrdducihg a reducing 
substance intermittently info the exhaust pas thereby purifying the exhaust gas by reducing the 1 nitrogen 
oxid " s adsorbed on the catalyst; /It : therefore, permits efficient removal of NO x frbrri ah' exhaust gas under 

35 treatment in an oxidizing atmosphere" by means of oxidation and adsorption and then enables the NO x 
adsorbed on the catalyst to be efficiently removed therefrom 7 by either frftermittent introduction of "a reducing 
agent to the catalyst or imparting a reducing atmosphere to the exhaust gas. Further, the method of this 
irw^niorfl'peimits, pffi^r'^i5p|)sal,'<>f KC& b^ use; of a reducing agent only in a small amount without 
requiring any special device'' J . . ." ~. , '' "<".', ' ' ' 

40 iBesidesr the catalytic system : contemplated by this in'ventjoti, when" used in conrtBihatldn with an 
oxidizing catalyslfa^cVV.^e^ay' ,ca*a^. 'frb®*^ the_ advantage 5 ' of further exalting ; the efficiency of 
the irembv^'^ydr'ociar^s. andcarbori mtihtiiSiJfe 1 "*, * ' ' ' . . 

Claims \„\... j.' J .,'.'.',.' rt „, .'.'. 'I'. - ' 'i. ■',',' . ' .'.'.' [ ' '[:''['. 

45 '...,'..' ] '.'",'," ! ' ,y ' . '." : , ..' ', ' ' '" ~ -> 

1. 1 ; A "rnetriod for the remo'vai V an exhaust gas characterized by 'causing* said 

exhaust gas in an^' oxidizing atmosphere to contact a Catalyst comprising a -refractory inorganic oxide 
and catalytically active components, said components comprising 0.1 to 30 g'as metal per liter of '-'said 
catalyst of at (east one noble metal selected from the group consisting of platinum, palladium, rhodium, 

so ' ! and 'ruthenium oirla romp wnc? M, said 'rtob'li' iftltai ' and f l to 80 g as metal per liter of safcl r cataiyst of at 
least one metal selected from the group consisting f of lithium, potassfum.' sodium^rubidium,' cesium, 
beryllium, magnesium, calcium, strontium, and barium or a compound of said metaC thereby inducing 
said catalyst to adsorb thereon the nitrogen oxides in said exhaust gas and, subsequently introducing a 
reducing substance intermittently into said exhaust gasf thereby purifying said exhaust gas by reducing 

55 said nitrogen oxides adsorb d on said catalyst! 

2, A method according to claim 1, wherein said catalyst further comprises 0.1 to 50 g per liter of said 
catalyst of at least one heavy metal selected from the group consisting of manganese, copper, cobalt, 
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molybdenum, tungsten, and vanadium or a compound of said heavy metal. 

3. A method according to claim 1 or claim 2, wherein the capacity- of- said- catalyst for adsorption of 
. nitrogen oxides to saturation is in the range of 6 to 30 m.mols" per liter of said catalyst. : • >i 

4. A method accordihg to any of claims 1 to 3, wherein a gas containing 1 to 10 mols of said reducing 
substance- per -mpl of said nitrogen oxides-(as NO) adsorbed on said catalyst is introduced to said 

< catalyst for a duration in the_range of 0.1 to 20 seconds iat intervals in the range of 10 seconds to 60 
minutes. : " - - r • ~ . .. 

5.. A method accordihg to^any of claims 1 to 4, wherein said reducing substance is introduced before the 
amount of nitrogen oxides adsorbed by said "catalysTtotals 50%" of the jsaturafiori capacity of said 
•catalyst: •- — ... „.,,..." .* ' j 

6. A method according to. claim 1 or claim 2, wherein said exhaust gas is an exhaust gas"ifro"rn"an T internal 
combustion engine. -• - >.. _ _ ; . }_ _ j 

7.., A .-method according tp claim 6, wherein the "int/oducton '|of said reducing" substance" intb~said"exhaust 
'-gas-is effected by lowering the air-fuel Fatio in the suction-system of said internal combustion engine.- = 

8. A method according to claim 6, wherein the introduction of "said "reducing substance into saicf exhaust 
gas is effected by creating a theoretical air-fuel ratio or a rich air-fuel ratio in the suction system of said 
internal combustion engine. 

9 - . A method according to claim 6, wherein said reducing substance for introduction into said exhaust, gas 
.j As obtained from an external source. 

1P.,,A method for the removal of nitrogen oxides] from an exhaust, gas characterized by insja)ling on the" 
»c. : "Pstream side of the.flow of s_aid exhaust gas a catalyst comprising 50 to 400 g per jiter of'said cata|ylt 
, of a refractory inorganic oxide and cataJytically active' components, said components'.'comprising 0.1 to ' 
30 9 as .metal per liter of said catalyst of at least pne .p6ble }netal selected [ from the group corisistirig'of . 
platinum, palladium , . rfaodium,,aad_njthenium, or,a 'compojuo^oif' said noble metal and j to 80 g as m tai 
u P er Wer. of said catalyst of at least one metaj. selected from the'groug consisting of lithium, potassium, 
sodium, -rubidium, cesiurth.be/yliium, magnesium, calcium, Strontium, arid barium or a compound of" 
said metal and, at the same time, installing an ' oxidi^ng 'c^lysj(' or a, three^vjay catalyst on ,the % 
downstream side of/ttie flow of said exhaust gas! , : . 1 ' 3 . ^ '" 

11. A method for, the removal of ..nitrogen, oxides from an exhaust gas" characterized by ''installing on'th ' 
upstream side of the flow of said exhaust gas a catalyst comprising 50 to r 400 g i per liter of said catalyslt 
of a refractory inorganic oxide and catalytically active components, sajd components comprising 0:i to 
30 g as-metal per liter pf said catalyst, of atjeast one noble metal selected from the group consisting of 
platinum, palladium, rhodium, and ruthenium or a compipund ojf said noble metal, 1 to 80' g as metaf per 
liter of said catalyst of at least one metal selected from the group consisting of lithium, potassium, 
sodium, rubidium, cesium, beryllium, magnesium, calcium, strontium, and barium or a compound of 
said metal, and 0.1 to 50 g per liter of said catalyst of at least one heavy metal selected from the g'roup" 

. consisting of manganese, copper, cobalt, ,mplybdenum,,tiingsten, and vanadium or a compound of said 
, heavy -metal,- and, at the same time, installing.. ^^9n;b.xid.izing ;catalyst of ^ three-way catalysf on the 
downstream side of the flow of said exhaust, gas! . ' Vi b '" li '. * r 

12. A method according to claim 1Q jor. claim' 1 IV i^rejn's^^ dxi^zing ! catalyst comprises b.1 to 'lb g per 
liter of said catalyst of platinum and/or palladium and I'O to 3Q0 g per liter of ' said cataiyst of a 
refractory oxide. •. , ,'. r '"' .' ' ' ' ' 

13. A method according to claim 12, wherein said oxidizing catalyst further comprises 0.1 to 150 g per liter 
of said catalyst of at least one oxide of an element selected from the group consisting of rare "earth 
elements, nickel, cobalt, and iron. 
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14. A method according to claim 10 or claim 11, wherein said three-way catalyst comprises 10 to 300 g per 
liter of said catalyst of a refractory inorganic oxide and catalytic components, said components 
comprising 0.1 to 10 g as metal per liter of said catalyst of noble metal(s) selected from the group 
consisting of (a) palladium, (b) platinum and rhodium, (c) palladium and rhodium, and (d) platinum, 
palladium, and rhodium, and 10 to 150 as CeCfe per liter of the catalyst of ceria. 

15. A method according to claim 14, wherein said three-way catalyst further comprises 0.1 to 50 g as oxide 
per liter of said catalyst of at least one; member selected from the group consisting of zirconia and rare 
earth elements except for cerium. ; V ' 

16. A method for the remoyal of nitrogen jokides from an exhaust gas characterized in that said three-way 
catalyst or oxidizing catalyst is disposed on the upstream side of the flow of said exhaust gas, the 
catalyst set forth in claim 10 is disposed next thereto, and said three-way catalyst or oxidizing catalyst 
is disposed farther on the downstream, side. 

17. A method for the removal of nitrogen iodides from an exhaust gas characterized in that said three-way 
catalyst or oxidizing catalyst is disposed on the upstream side of the flow of said exhaust gas, the 
catalyst set forth in claim 1 1 is disposed' next thereto, and said three-way catalyst or oxidising catalyst 
is disposed farther on the downstream , side. - 
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